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The  Two  Hundred  and  Fifty-seventh  Ordinary  General  Meeting 
of  the  Institution  was  held  at  the  Institution  of  Civil 
Engineers,  25^  Great  George  Street,  Westminster,  on 
Thursday  evening,  January  11th,  1894  —  Mr.  W.  H. 
Pbeece,  C.B.,  F.R.S.,  late  President,  in  the  Chair. 

The  minutes  of  the  Annual   General   Meeting   of  December 
14th,  1893,  were  read  and  approved. 

The  names  of  new  candidates  for  election  into  the  Institution 
were  announced  and  ordered  to  be  suspended. 

The    following    transfers   were    announced    as    having   been 
approved  by  the  Council : — 

From  the  class  of  Associates  to  that  of  Members — 


William  Ashcombe  Chamen. 

J.  Irving  Court^nay. 

A,  J.  Lawson. 

R.  Hodgshon  Postlethwaite. 


H.  Faraday  Proctor. 
David  Urquhart. 
Francis  P^ane  Yeatman. 


From  the  class  of  Students  to  that  of  Foreign  Members  — 
Nai  KI.em. 
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From  the  class  of  Students  to  that  of  Associates — 


Walter  James  Bache. 
Charles  Proctor  Banham. 
William  Walter  Borman. 
William  M.  Carver. 
Harry  C.  Channon. 
William  Findlay. 
William  Holmes. 


Wilmot  Ernest  Lane. 

John  Mackenna. 

Frederic  Charles  McQuown. 

John  T.  Morris. 

Gr.  Dudley  Aspiuall  Parr. 

E.  Salthoose. 

Sydney  Cummins  Smith. 


Mr.  H.  Human  and  Mr.  J.  0.  Grirdlestone  were  appointed 
scrutineers  of  the  ballot  for  the  election  of  new  members. 

The  Chairman  :  Ladies  and  gentlemen, — it  is  a  great  pleasure 
to  us  to  see  that  our  meeting  is  graced  by  the  presence  of  some 
ladies — nearly  the  last  duty  that  the  retiring  President  has  to 
perform  is  the  agreeable  one  of  presenting  the  premiums  to  those 
to  whom  they  have  been  awarded  by  the  Council.  The  first 
is  the  "  Institution  Premium,"  value  £20,  awarded  to  Mr.  W.  B. 
Sayers.  Mr.  Sayers,  I  have  very  great  pleasure  in  presenting 
to  you  quite  a  small  library.  I  am  told  you  have  selected  the 
books  yourself.  I  can  assure  you  that  the  Council,  and  every 
member  of  this  Institution,  is  very  happy  indeed  in  presenting 
to  you  a  premium  for  one  of  the  most  admirable  papers  we 
have  had  here  for  a  very  long  time.  I  may  also  teU  you  that 
your  paper  has  created  quite  as  much  interest — and  I  may  even 
say,  as  much  sensation — in  the  United  States  as  it  has  in  this 
country. 

The  next  premium  is  the  "  Students'  Premium,"  awarded  to 
Mr.  W.  B.  Cooper,  I  have  great  pleasure  in  presenting  you, 
Mr.  Cooper,  with  a  smaller  library;  but  at  the  same  time  I 
daresay  it  contains  just  as  much  knowledge  as  the  larger 
library  presented  to  Mr.  Sayers.  At  any  rate,  I  hope  you  wilj 
direct  your  attention  to  digesting  the  contents  of  these  books, 
with  the  same  benefit  that  I  am  sure  Mr.  Sayers  will  ex- 
perience from  the  study  of  his  greater  number.  I  may  tell  you 
that  there  are  many  members  of  this  Institution  who  would  only 
have  been  too  pleased  to  have  written  the  admirable  paper  on 
"  Primary  Batteries  "  that  you  wrote. 
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Now,  ladies  and  gentlemeD,  I  have  a  final  and  very  pleasant  duty 
indeed  to  perform  I  have  to  resign  this  chair,  and  metaphorically 
to  transfer  the  chain  of  office,  which  you  must  imagine  is  now  upon 
my  shoulders,  to  the  shoulders  of  one  much  more  worthy  to 
discharge  its  duty  than  I  have  proved  myself  to  be.  I  am  quite 
certain  that  there  is  no  one  that  we  should  be  more  pleased  or 
more  proud  to  see  in  this  chair  than  the  one  who  bears  the  name 
of  our  first  President,  and,  I  may  add,  who  bears  the  name  of 
the  most  remarkable  and  most  distinguished  engineering  fetmily 
that  ever  existed  in  this  world.  Mr.  Alexander  Siemens,  I  resign 
my  chair  to  you  with  great  pleasure  to  myself,  and  I  hope  with 
the  same  satisfaction  to  you ;  and  I  hope  through  the  ensuing 
year  you  will  receive  the  same  support  that  I  have  done  from  the 
Institution  of  Electrical  Engineers. 

Mr.,  Alexander  Siemens,  the  new  President,  then  took  the 
chair. 

Sir  David  Salomons  :  Mr.  President,  ladies  and  gentlemen, — 
It  is  not  often  Mr.  Preece  makes  a  mistake.  He  stated  to  you  just 
now  that  the  last  function  he  had  to  perform  was  handing  the 
premiums  to  those  gentlemen  who  had  earned  them;  but  Mr. 
Preece  will  be  called  upon  in  a  few  minutes  to  speak  again,  and  I 
trust  not  for  the  last  time  here.  It  is  my  pleasant  duty  to  move 
s,  vote  of  thanks  to  Mr.  Preece,  and  in  doing  so  I  need  sc€u-cely 
tell  you  that  he  is  a  gentleman — one  of  the  very  few  to  be  found 
in  the  world — with  whom  no  one  could  quarrel.  I  do  not  mean 
that  he  is  one  of  those  weak,  good-natured  men  sometimes  met 
with.  He  is  a  man  of  strong  character.  He  presides*  in  the 
Council  room  as  a  chairman  should  do.  When  he  lays  down  the 
law,  it  is  obeyed  on  the  spot.  No  one  ever  desires  to  dispute  his 
authority,  even  when  a  difference  of  opinion  arises ;  and  in  this 
hall  he  is  as  much  respected  as  he  is  in  the  Council  room.  After 
serving  his  country  for  many  a  long  year,  and  serving  this  Insti- 
tution firom  its  very  beginning,  he  hais  at  last  been  rewarded — 
with  a  small  mark,  it  is  true :  it  is  but  a  few  pennyworths  of 
ribbon  with  a  little  medal  strung  upon  it,  but  at  the  same  time 
it  carries  with  it  great  weight.  It  shows  the  high  appreciation 
which  the  Queen  and  the  Government  of  this  country  have  of 
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his  talents,  and  of  the  services  which  he  has  rendered  to  the 
State.  Those  present  to-night  have  the  opportunity  to  con- 
gratulate him  most  heartily  that  such  an  acknowledgment  has 
been  made  of  his  great  services  to  the  country  and  the  electrical 
profession.  We  hope,  therefore,  that  in  time  to  come  he  will 
gain  greater  distinction,  as  I  am  sure  he  will ;  and,  seeing  that  he 
is  now  in  the  prime  of  life,  and  in  the  best  of  health,  let  us  trust 
that  he  may  live  to  acquire  all  those  distinctions  which,  though  of 
no  value  in  themselves,  show  the  esteem  in  which  a  man  is  held 
by  his  fellow-countrymen.  Last  year  Mr.  Preece  went  to  America, 
and,  as  our  President,  upheld  our  honour  at  Chicago.  For  that 
alone  our  thanks  are  due  to  him.  But  they  are  also  largely  due 
from  this  Institution,  where  he  is  known  personally  to  every 
member,  not  merely  from  the  fact  that  he  accepted  the  Presi- 
dency for  the  second  time,  at  great  inconvenience,  since  it  neces- 
sitated giving  up  a  large  share  of  his  valuable  time  to  our  service, 
but  also  for  the  goodwill  he  has  shown  to  every  member,  down  to 
the  youngest.  I  am  quite  sure  you  will  accord  him  with 
acclamation  a  hearty  vote  of  thanks,  showing  thereby  that  we 
really  feel  in  our  hearts  what  we  utter  with  our  voice  and  show 
by  outward  expressions. 

Mr.  Crompton  :  I  rise  to  second  the  motion  which  has  been 
so  eloquently  put  before  you  by  Sir  David  Salomons.  I  feel  that 
I  can  add  little  to  intensify  the  feeling  that  Sir  David  has  roused 
by  his  eloquent  remarks.  Most  of  us  here  know  how  much  this 
Institution  is  indebted  to  ]Mr.  Preece,  who  took  a  very  prominent 
part  in  first  turning  the  thoughts  of  the  original  members  of  the 
Society  of  Telegraph  Engineers  into  the  new  channel  of  modem 
electrical  engineering.  I  know  that  in  my  own  case  he  was  the 
principal  cause  of  my  joining  the  Institution,  and  I  believe  that 
many  other  gentlemen  in  the  room  can  say  the  same.  Mr.  Preece 
has  been  a  good  friend  to  many  here,  and  I  think  that  there  is  no 
vote  in  which  we  can  all  join  in  so  heartfelt  a  manner  as  in  this 
vote  of  thanks  to  our  Past-President,  who  I  hope  will  live  long 
enough  to  possibly  take  a  third  term  of  office. 

Mr.  Preece  :  Mr.  President, — I  could  very  easily  have  proved 
to  Sir  David  Salomons  that  he  was  wrong,  for  on  one  occasion^ 
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after  a  great  many  speeches  had  been  made,  I  was  called  upon 
to  make  another  speech,  and  my  other  speech  was  simply  dumb 
show.  I  bowed,  and  I  moved  my  hands,  and  Sir  Frederick 
Bramwell,  whose  wit  you  all  know,  said  that  that  was  the  very 
best  speech  I  ever  made  in  my  lifl^.  So  on  this  occasion  there 
was  no  actual  necessity  for  your  hearing  my  voice  again  this 
evening,  for  I  might  simply  have  risen  from  my  chair  and  bowed. 
The  only  reason  why  I  do  now  speak  is  because,  at  any  rate,  I  do 
get  some  respect  up  here,  if  I  do  not  downstairs ;  and,  secondly, 
that  I  think  it  is  only  just,  fair,  and  right  that  I  should 
acknowledge  the  kindness  with  which  you  have  received  the 
words  that  have  fetllen  from  the  lips  of  Sir  David  Salomons  and 
Mr.  Crompton,  and  also  thank  you  heartily  for  your  recognition, 
not  only  of  the  services  that  I  have  endeavoured  to  perform  in 
my  capacity  of  President  of  the  Institution  during  the  past  12 
months,  but  also  for  your  congratulations  upon  the  honour  that 
is  about  to  be  bestowed  upon  me  by  Her  Majesty  the  Queen. 

The  President  then  delivered  his  Address. 
INAUGURAL  ADDRESS 

OF 

Mr.  Alexander  Siemens,  M.  Inst.  C.E.   President). 

In  taking  this  chair,  and  in  thanking  you  sincerely  for  having 
elected  me  to  be  your  President  during  this  year,  it  is  only 
natural  that  I  should  remind  you  of  the  fact  that  the  late 
Sir  Wm.  Siemens  was  your  first  President. 

For  this  reason  I  may  claim  to  be  the  first  representative  of 
the  second  generation  of  electrical  engineers  who  have  been 
called  into  separate  existence  by  the  founding  of  this  Institution 
22  years  ago. 

During  this  i>eriod  the  Institution  has  grown  from  small 
beginnings  to  its  present  flourishing  condition,  thanks  to  the 
ability  and  energy  of  its  founders  and  of  my  predecessors  in  this 
chair,  who  have  spared  neither  time  nor  trouble  to  secure  for 
electrical  engineers  the  position  to  which  the  growing  importance 
of  the  applications  of  electricity  entitles  them. 


6  ADDRESS  OF  THE  PRESIDENT.  [Jan.  11th, 

Jn  these  endeavours  they  have  been  most  ably  assisted  by  the 
permanent  staff  of  our  Institution ;  but  the  greatest  aid  has  been 
the  benevolent  friendship  of  the  parent  Institution  and  its  officers. 

The  permission  to  use  this  hall  for  their  meetings  started  the 
Society  of  Telegraph  Engineers  with  a  standing  in  the  engineering 
world  that  it  would  have  cost  years  of  work  to  achieve  elsewhere ; 
and  the  kindly  counsel  of  the  veteran  Secretary  of  the  Institution 
of  Civil  Engineers  has  often  guided  the  Society  in  times  of 
difficulty  during  the  period  of  infancy,  and  we  sincerely  hope  that 
he  will  long  continue  his  useful  work  in  this  building. 

The  contrast  which  exists  in  the  applications  of  electricity  at 
the  time  of  the  founding  of  this  Institution  and  at  the  present 
time,  has  been  so  clearly  and  ably  put  forward  by  Mr.  Preece  in 
his  Address  last  year,  that  it  would  be  wasting  your  time  if  I 
entered  into  any  details  to  illustrate  the  progress. 

On  the  other  hand,  it  may  not  be  out  of  place  to  analyse  the 
various  factors  which  have  influenced  the  development  of  our 
profession  from  the  time  at  which  telegraphy  was  the  only 
important  practical  application  of  electricity,  until  now,  when  it 
is  called  upon  to  supply  energy  for  an  immense  variety  of 
purposes. 

During  the  past  22  years  our  profession,  and  with  it  the 
Society  of  Telegraph  Engineers,  have  changed  their  character, 
until  these  and  the  scope  of  their  activities  have  become  much 
more  comprehensive,  and  much  more  intimately  connected  with 
the  everyday  life  of  the  general  public. 

With  reference  to  this,  telegraphy  may  be  compared  to  the 
railways,  as  they  both  are  for  the  indiscriminate  use  of  the 
general  public,  and  it  is  only  an  exception  if  a  railway  or  a 
telegraph  line  is  constructed  for  private  purposes  only. 

For  working  both  these  lines  a  special  staff  is  required,  and 
general  rules  for  their  use  have  to  be  adhered  to  by  everybody ; 
while  in  the  modem  applications  of  electricity  the  chief  aim  is  to 
distribute  the  electrical  energy  so  that  each  individual  user  can 
apply  it  in  the  manner  and  during  the  time  that  it  best  suits 
his  convenience. 

I  need  not  recapitulate  the  reasons  which  for  a  long  time 
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made  this  distribution  of  electrical  energy  commercially  im- 
possible ;  but  when  thfese  difficulties  had  been  overcome,  and  the 
electrical  engineers  were  ready  to  supply  the  public,  it  was  found 
that,  excepting  the  Corporation  of  the  City  of  London,  there 
existed  no  authority  in  the  United  Kingdom  that  could  permit 
the  laying  of  underground  mains,  and  that  a  special  Act  of 
Parliament  was  requisite. 

To  the  unsophisticated  mind  this  appeared  to  be  extremely 
simple,  as  all  that  was  deeded  was  to  extend  the  powers  of  the 
various  authorities  to  whose  care  the  laying  of  water  and  gas 
pipes  and  of  telegraph  lines  was  entrusted,  so  that  they  could  deal 
in  a  similar  manner  with  electricity  mains. 

Some  of  the  electric  light  companies  were  of  opinion,  however, 
that  the  same  object  would  be  attained  if  they  received  powers 
frotfi  Parliament  to  make  agreements  with  the  local  authorities, 
subject  in  every  case  to  the  approval  of  the  Board  of  Trade,  for 
establishing  a  system  for  distributing  electrical  energy  in  the 
various  districts ;  and  in  pursuance  of  this  pob'cy  several  private 
Bills  were  filed  for  the  session  of  1882. 

The  Government  of  the  day  did  not  consider  it  to  be  of  public 
advantage  that  a  limited  number  of  electric  light  companies 
should  have  such  roving  powers,  but  brought  in  a  general  Bill 
with  the  intention  of  facilitating  and  expediting  the  general 
application  of  electricity. 

With  this  object  in  view  powers  were  to  be  given  under  the 
Bill  to  the  Board  of  Trade  to  grant  licenses  or  provisional  orders 
to  electric  light  companies. 

The  license  to  establish  a  system  of  electrical  distribution  in 
any  district  was  to  be  granted  to  an  electrical  company  who  had 
succeeded  in  gaining  the  consent  of  the  local  authority ;  and  its 
conditions  were  to  be  settled  between  the  local  authority  and 
the  company,  subject  to  some  general  provisions  to  be  drawn  up 
by  the  Board  of  Trade,  and  subject  to  the  sanction  of  the  Board  of 
Trade. 

In  districts  where  the  local  authority  objected,  the  electric 
light  company  should,  nevertheless,  be  able  to  establish  itself  by 
means  of  a  provisional  order  of  the  Board  of  Trade ;  but  to  obtain 
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this  the  company  had  to  prove  that  the  majority  of  the 
inhabitants  of  the  district  desired  to  have  fiacilities  for  obtaining 
electrical  energy. 

It  will  be  observed  that  in  this  draft  the  license  was  intended 
to  be  the  usual  way  of  obtaining  power  to  lay  underground  mains, 
and  the  formalities  for  settling  it  were  extremely  simple;  the 
provisional  order,  on  the  other  hand,  was  to  be  resorted  to  in 
exceptional  cases  as  a  means  of  overcoming  the  objection  of  local 
authorities. 

This  is  confirmed  by  the  &ct  that  in  the  draft  the  duration  of 
the  license  and  of  the  provisional  order  were  equal. 

These  benevolent  intentions  were,  however,  thoroughly  upset 
during  the  passage  of  the  Bill  through  Parliament,  and  the 
Electric  Lighting  Act  (1882),  which  was  the  outcome  of  the 
discussions  before  a  Select  Committee,  has  given  rise  to  angry 
denunciations  on  account  of  the  obstacles  which,  in  the  opinion 
of  many,  it  was  raising  to  an  early  introduction  of  lighting  by 
electricity  on  a  large  scale. 

Curiously  enough,  nobody  during  the  passing  of  the  Act,  or 
afterwards,  seemed  to  care  much  about  the  fate  of  the  licensing 
system,  which  was  completely  stripped  of  its  importance,  and 
alluded  to  by  the  learned  counsel  on  both  sides  as  suitable  only 
for  experimental  purposes.  Following  up  this  train  of  ideas,  the 
duration  of  a  license  was  curtailed  to  seven  years. 

Had  the  intention  of  the  Government,  however,  been  carried 
out  as  at  first  designed,  we  should  now  enjoy  in  the  United  King- 
dom the  same  facilities  of  establishing  electric  supply  systems  that 
have  aided  the  development  of  the  electrical  industries  so  much  in 
other  countries,  instead  of  being  obliged  to  apply  to  Parliament 
in  each  separate  instance,  at  great  trouble  and  expense. 

Disregarding  entirely  this  vital  alteration  of  the  Bill,  another 
provision  was  seized  upon  to  explain  the  failure  of  so  many 
electric  enterprises  to  which  the  aid  of  the  public  had  been 
invited  about  that  time ;  you  all  know  that  this  was  the  clause 
giving  the  local  authority  the  right  to  buy  out  the  electrical 
company  after  the  lapse  of  21  years,  paying  only  the  market 
value  of  the  plant. 
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This  agitation  was  continued  until,  seven  years  later,  the 
objectionable  clause  was  modified,  and  in  consequence  of  this 
alteration  it  was  said  that  the  confidence  of  the  public  in  elec- 
trical enterprises  had  been  restored. 

At  the  same  time,  the  system  of  granting  powers  by  way  of 
a  license  was  practically  dropped  altogether,  and  since  then  the 
Board  of  Trade  has  declared  its  intention  not  to  grant  provisional 
orders  to  electric  light  companies  imless  they  have  obtained  the 
consent  of  the  local  authority,  thereby  abandoning  entirely  the 
original  object  of  the  provisional  orders. 

The  ultimate  result  of  all  this  legislation  has,  therefore,  been 
to  create  a  number  of  difficulties  in  the  establishment  of  distri- 
buting systems  in  the  United  Kingdom ;  in  fact,  the  formalities 
of  applying  for  a  provisional  order  are  very  similar  to  those 
required  for  a  private  Bill,  so  that  practically  we  are  not  in  a 
very  much  better  position  than  before  the  passing  of  the  Electric 
Lighting  Act  (1882). 

In  order  rightly  to  understand  the  influence  which  this  legis- 
lation exercised  on  the  development  of  the  electrical  industry,  it 
is  necessary  to  examine  into  the  character  and  the  number  of  the 
applications  made  to  the  Board  of  Trade  under  these  Acts,  and 
to  trace  how  many  of  them  have  led  to  the  establishment  of 
distributing  systems. 

Taking  first  the  case  of  the  electric  light  companies,  or,  as 
the  Act  calls  them  encouragingly,  "the  undertakers,"  we  find 
that  in  1883,  55  provisional  orders  were  granted,  all  of 
which  have  been  revoked;  in  1884,  3  provisional  orders  and  1 
license  were  granted,  all  of  which  have  been  revoked;  in  1885, 
1  license  was  granted  for  the  lighting  of  St.  Austell,  and  this 
has  been  put  into  operation;  in  1886,  1  provisional  order  was 
granted  to  the  Chelsea  Electricity  Supply  Company:  this  also 
has  been  carried  out;  4  licenses  granted  during  the  two 
following  years,  1887  and  1888,  have  since  been '  revoked ;  so 
that,  up  to  the  time  of  the  passing  of  the  amending  Act  (1888), 
1  license  and  1  provisional  order  are  the  sole  survivors. 

These  facts  clearly  indicate  that  under  the  Electric  Lighting 
Act  (1882)  the  undertakers  have  not  succeeded  in  their  object 
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to  make  electrical  energy  obtainable  as  a  household  commodity. 
It  is,  of  course,  quite  another  question  whether  there  were 
not  very,  strong  causes  of  another  kind  which  prevented  the 
powers  obtained  under  the  Act  from  being  exercised. 

Since  the  Electric  Lighting  Act  (1888)  was  passed,  a  new 
impetus  was  given  to  these  enterprises,  and,  without  examining- 
the  result  of  each  year's  applications  separately,  the  grand  total 
of  the  undertakers'  efforts  is  that  since  1882  138  provisional 
orders  have  been  applied  for,  and  15  licenses ;  of  these,  81  pro- 
visional orders  and  9  licenses  have  been  revoked,  so  that  57 
provisional  orders  and  6  licenses  are  still  in  force.  To  this 
number  2  jprovisional  orders  have  to  be  added,  which  have 
been  transferred  from  local  authorities  to  undertakers. 

An  electric  supply  has  been-  established,  or  the  work  is  actuaUy 
taken  in  hand,  in  54  cases,  and  about  51,000  horse-power  will  be 
available.  On  the  other  hand,  of  local  authorities,  a  few  had 
obtained  jMjwers  under  special  Acts.  The  City  of  London,  as 
mentioned  above,  had  been  able  to  make  some  experiments  of 
street^lighting  without  any  special  permission ;  but  a  number  of 
them  availed  themselves  of  the  opportunity  given  by  the  Electric 
Lighting  Acts,  and  obtained  121  provisional  orders  and  6  licenses 
up  to  the  end  of  1892. 

Of  this  number,  8  provisional  orders  and  4  licenses  have 
been  revoked,  or  merged  in  provisional  orders,  so  that  113  pro- 
visional orders  and  2  licenses  granted  to  local  authorities  are 
still  in  force  ;  but  two  of  the  provisional  orders  have  been  trans* 
ferred  to  undertakers,  as  mentioned  above. 

Under  these  powers  51  electrical  systems  of  distribution,  with 
33,000  horse-power,  have  been  established  or  are  in  course  of  con- 
struction, while  in  almost  all  the  other  instances  the  intention 
soon  to  carry  out  the  work  is  apparent. 

With  your  permission,  a  table,  giving  the  details  of  all  these 
applications  and  of  their  fate,  will  be  added  to  the  Address,  if  you 
consider  it  worthy  to  be  printed  in  the  transactions  of  our  Insti* 
tution. 

From  the  figures  which  I  have  given,  it  is,  however,  plainly 
apparent  that  the  local  authorities  will  very  shortly  have  a  good 
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many  more  stations  at  work  than  the  electric  lighting  companies ; 
and,  in  my  opinion,  this  is  as  it  should  be. 

The  financial  success  which  has  invariably  attended  the  muni- 
cipal electric  enterprises  has  relieved  the  rates  at  the  expense  of 
the  wealthier  classes  in  a  perfectly  legitimate  manner ;  and  the 
more  electricity  becomes  one  of  the  copimon  necessaries  of  life, 
the  more  desirable  it  is  that  its  supply  should.be  in  the  huids  of 
the  community,  and  not  in  those  of  monopolists. 

A  strange  fiEM^  in  connection  with  this  subject  is  that  the 
great  majority  of  the  local  authorities  should  have  waited  until 
the  passing  of  the  Electric  Lighting  Act  (1888)  before  applying  for 
powers  to  supply  electricity,  for  it  must  not  be  forgotten  that 
their  position  was  in  no  way  affected  by  the  alteration  of  the 
Electric  Lighting  Act  (1882).  The  explanation  must  perhaps  be 
looked  for  in  the  exaggerated  expectations  that  were  raised  by  the 
statements  of  company  promoters  in  the  year  1882,  when  the  most 
reckless  assertions  were  made  as  to  the  results  to  be  obtained  by 
establishing  electric  systems  of  distribution. 

The  natural  consequence  was  that  the  inquiries  set  on  foot  by 
various  local  authorities  in  no  way  confirmed  the  sanguine 
estimates  that  had  been  dangled  before  the  public  to  obtain  its 
support ;  and  the  total  failure  of  the  electric  light  companies  to 
carry  out  a  single  one  of  the  orders  and  licenses  obtained  by  them 
in  the  years  1883  and  1884,  made  the  local  authorities  hesitate 
before  they  embarked  the  ratepayers'  money  in  such  precarious 
undertakings. 

Fortunately  for  the  progress  of  our  industry,  there  were  some 
Corporations  who  could  be  convinced  by  the  result  of  their 
inquiries  that  the  use  of  electric  light  would  be  very  advan- 
tageous for  a  variety  of  purposes,  and  that  the  knowledge  and 
ability  of  the  electrical  engineers  had  progressed  sufficiently  to 
make  a  profitable  distribution  of  electricity  from  a  generating 
centre  possible. 

We  have  seen  that  their  example  has  been  largely  followed, 
and  there  is  every  prospect  of  a  continuous  and  ever-increasing 
development  of  this  branch  of  electrical  engineering. 

To  be  sure,  in  foreign  countries,  especially  in  the  United 
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States,  the  use  of  electricity  is  much  more  common  than  here ;  but 
this  is  the  natural  outcome  of  the  greater  facilities  for  establish- 
ing centres  of  supply  under  the  laws  of  the  various  countries, 
where  the  local  authorities  in  the  majority  of  cases  have  the 
power  to  make  agreements  with  electrical  companies  for  supplying 
the  district  with  electrical  energy  for  various  purposes. 

Another  important  factor  in  retarding  the  spread  of  the 
applications  of  electricity  in  this  country  is  the  otherwise  very 
laudable  desire  of  the  electrical  engineers  to  show  in  every  new 
undertaking  a  distinct  advance  on  its  predecessors. 

In  this  way  the  details  of  construction  are  undergoing  a 
constant  change — in  strong  contrast  to  the  United  States,  where 
the  leading  manufacturers  have  their  standard  sizes  of  plant  and 
accessories ;  these  are  manufactured  wholesale  by  specially  designed 
machinery,  and  can  therefore  be  supplied  much  more  cheaply  than 
apparatus  specially  constructed  for  each  case. 

At  the  same  time  the  whole  transaction  is  greatly  simplified 
by  the  absence  of  long  negotiations  about  the  construction  of  the 
apparatus,  the  town  which  is  to  be  lighted  simply  specifying 
how  many  glow  lights  and  arc  lights  are  to  be  supplied. 

This  system  of  working  has  certainly  been  instrumental  in 
accelerating  the  introduction  of  electricity  for  a  variety  of  uses 
throughout  the  States ;  but  it  can  hardly  be  pretended  that  such 
a  cast-iron  application  of  the  same  apparatus  under  a  variety  of 
circumstances  can  lead  to  the  most  economic  results,  nor  has  it 
been  possible  to  keep  up  the  quality  of  the  work  to  the  EngUsh 
standard. 

Those  of  you  who  visited  the  World's  Fair  at  Chicago  last 
year,  and  examined  a  little  into  the  details  of  workmanship 
and  design,  will  doubtless  agree  that  Sir  Richard  Webster  was 
fully  justified,  in  his  address  to  the  Society  of  Arts,  in  contrasting 
the  American  and  the  English  exhibits  in  this  respect,  very  much 
in  favour  of  the  latter. 

However  much  other  causes  may  have  contributed  to  delay 
the  development  of  electrical  engineering,  it  is  clear  that  the 
principal  one  must  be  looked  for  in  the  exaggerated  expectations 
that  were  raised,  either  by  ignorance  or  by  design,  when  the 
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general  public  first  seriously  thought  of  regarding  electricity  as  a 
commodity  for  everyday  use. 

At  that  time  the  promoters  of  electric  companies  preached  to 
the  public  that  electricity  was  in  its  infency,  that  the  laws  of  this 
new  science  were  totally  unknown,  and  that  wonders  could  be 
confidently  expected  from  it.  There  was  a  short  time  of  excite- 
ment to  the  public  and  of  profit  to  the  promoters;  then  the 
confidence  of  the  public  in  electricity  was  almost  destroyed,  and 
could  only  be  regained  by  years  of  patient  work. 

That  the  electrical  industry  was  not  altogether  killed  by  all 
these  adverse  factors  is  undoubtedly  due  to  the  firm  scientific 
basis  on  which  it  rests,  and  to  the  advantages  which  the  applica- 
tions of  electricity  possess  as  compared  with  other  means  for 
accomplishing  the  same  ends. 

In  a  discourse  before  the  Royal  Institution  I  had  an  oppor- 
tunity of  reminding  the  audience  that  during  the  last  60  years 
the  most  eminent  scientific  men  have  studied  the  phenomena 
produced  by  electricity,  and  that,  in  consequence,  the  laws  which 
govern  electric  currents  were  perfectly  well  known  when  the 
supply  of  electricity  on  a  large  scale  became  commercially 
possible. 

Since  that  time  the  study  of  electrical  phenomena  has  been 
carried  on  with  even  greater  zeal  than  Before,  and  electrical 
engineering  is  now  in  no  danger  of  lagging  behind  for  want  of 
theories,  but  is  largely  aided  in  its  progress  by  the  painstaking 
investigations  carried  on  in  many  laboratories,  both  in  England 
and  abroad. 

While  electrical  engineering  is  thus  closely  allied  to  physical 
science,  it  has  quite  as  intimate  a  relation  to  mechanical  engineer- 
ing ;  in  fiujt,  its  real  progress  dates  from  the  time  when  the  close 
connection  of  electrical  and  mechanical  engineering  was  thoroughly 
recognised ;  and  since  then  these  two  branches  of  engineering 
have  reacted  on  one  another  to  their  mutual  advantage. 

The  contrast  between  present  practice  and  that  of  the  pioneers 
of  our  profession  is  at  once  recognised  in  reading  the  first  papers 
and  reports  on  dynamo-electric  machines,  where  particular  stress 
is  laid  on  the  small  size  and  on  the  Idw  weight  of  a  dynamo  to 
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produce  a  given  result ;  but  the  necessity  of  having  the  moving 
parts  durable,  and  of  not  always  working  the  machine  up  to  its 
maximum  power,  was  completely  ignored  ip  the  desire  to  produce 
a  large  effect  with  the  minimum  expenditure  of  materials. 

A  glance  at  a  modem  dynamo,  especially  when  it  is  built  on 
the  same  lines  as  a  machine  of  20  years  ago,  will  at  once 
reveal  the  progress  of  mechanical  design  that  has  taken  place 
in  the  interval. 

The  circumstance  that  at  first  only  weak  currents  of  electricity 
were  utilised  for  practical  purposes,  and  that  during  this  ]>eriod 
the  electrical  appliances  were  constructed  like  scientific  instru- 
ments, had  undoubtedly  brought  about  this  neglect  of  mechanical 
considerations^  and  a  healthy  reaction  could  only  take  place  after 
the  mechanical  engineer  had  taken  the  management  of  the  applica- 
tions of  electrical  energy  from  the  hands  of  the  instrument  maker. 

On  the  other  hand,  the  requirements  for  driving  dynamos  to 
the  best  possible  advantage  have  served  as  no  mean  incentive 
for  mechanical  engineers  to  introduce  a  number  of  important 
improvements  into  the  design  of  steam  engines ;  in  fact,  the  class 
of  high-speed  economical  engines  may  be  said  to  have  been  called 
into  existence  by  them^  and  this  has  led  to  the  use  of  direct- 
driven  dynamos,  in  which  this  country  undoubtedly  has  taken 
the  lead. 

In  another  direction  the  governing  of  the  speed  of  the  steam 
engines  has  been  vastly  improved,  although  at  first  the  mechanical 
engineers  regarded  the  complaints  of  the  electrical  engineers 
simply  as  an  excuse  to  shift  the  blame  for  the  bad  performance 
of  their  dynamos  on  to  the  steam  engine. 

They  very  soon  learned,  however,  the  importance  of  running 
at  an  imvarying  speed,  and  the  result  is  that  even  comparatively 
cheap  steam  engines  can  be  obtained  nowadays  that  govern 
infinitely  better  than  a  high-class  engine  of  20  years  ago. 

Originally  the  steam  d3aiamos  were  designed  for  use  on  boau-d 
ship,  where  economy  of  space  is  of  importance,  and  great  credit 
is  due  to  the  Admiralty  for  introducing  very  early  a  system  of 
testing  which  has  been  no  small  incentive  to  all  concerned  to 
improve  the  dynamos  as  well  as  the  steam  engines. 
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In  these  tests  the  dynamo  is  run  for  a  number  of  hours  at  its 
mazimom  output ,  and  no  part  of  it  must  get  hotter  than  the 
surrounding  air  by  more  than  a  prescribed  number  of  degrees 
of  heat. 

Nothing  could  be  simpler  than  this  test,  and  at  the  same 
time  it  is  the  most  reliable  way  of  finding  out  whether  a  dynamo 
has  been  constructed  suitably  for  its  work. 

During  the  same  run  the  water  is  measured  which,  in  the 
form  of  steam,  is  supplied  to  the  engine,  and  the  relation  between 
the  water  consumed  and  the  electrical  energy  supplied  to  the 
electrical  circuits  determines  the  merit  of  the  steam  dynamo 
tested. 

By  fiir  the  most  important  connection  between  mechanical 
and  electrical  engineering  is,  however,  the  transmission  of  power, 
which  has  of  late  acquired  so  much  prominence. 

If  the  first  stage  of  the  development  of  the  electrical  industry 
was  closely  connected  with  telegraphy,  the  second  step  may  be 
said  to  have  been  taken  when  electric  lighting  was  introduced, 
and  now  it  seems  that  transmission  of  power  is  the  problem  which 
electrical  engineers  have  to  grapple  with  in  the  near  future. 

The  success  of  electric  tram  lines  has  undoubtedly  contributed 
to  direct  general  attention  to  the  transmission  of  power  by  means 
of  electricity,  but  great  care  will  have  to  be  exercised  so  as  not  to 
start  in  a  direction  that  can  lead  to  no  practical  results. 

Many  schemes  have  been  started  to  introduce  electricity  as 
the  motive  power  on  the  main  lines  of  railway,  and  to  accelerate 
at  the  same  time  the  speed  of  the  trains  very  considerably,  even 
up  to  200  miles  per  hour. 

It  would  be  rash  to  say  that  such  a  speed  will  not  be  attained 
some  day,  but  in  my  opinion  none  of  these  schemes  can  be  carried 
out  on  a  commercial  basis  with  the  means  at  present  at  our 
disposal. 

Trebling  the  speed  of  the  trains  necessitates  a  radical 
alteration  in  the  laying  of  the  permanent  way,  a  thorough 
reconstruction  of  the  carriages,  and  demands  an  amount  of  power 
that  we  have  no  means  at  present  of  estimating  accurately,  nor 
have  we  motors  that  could  produce  it  with  a  moderate  weight. 
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Even  if  these  obstacles  are  overcome,  the  enormous  capital 
outlay  could  only  be  justified  if  a  very  frequent  service  was  kept 
up,  as  in  the  case  of  successful  electric  tramways.  In  most 
schemes  it  is,  in  fact,  proposed  to  run  single  carriages  at  short 
intervals  between  important  towns ;  but  up  till  the  present  time  it 
has  not  been  possible  to  convince  capitalists  that  such  a  service 
would  pay,  either  between  Vienna  and  Buda-Pesth,  or  between 
Chicago  and  St.  Louis,  which  are  the  most  notable  instances  of 
such  schemes. 

Leaving  these  ambitious  projects  out  of  consideration,  enough 
scope  remains  for  the  development  of  electric  traction  in  this 
country  to  render  a  healthy  activity  in  this  branch  of  our  industry 
probable  for  a  number  of  years;  and  the  report  of  the  Hybrid 
Committee  which  sat  last  year  has  removed,  let  us  hope,  a  very 
serious  obstacle  to  electric  traction. 

As  the  rules  which  the  Board  of  Trade  has  drawn  up  in 
accordance  with  the  instructions  of  this  committee  are  still 
under  consideration,  it  would  obviously  not  be  in  order  to  criticise 
the  version  that  has  been  published;  it  would,  however,  be 
hampering  the  industry  if  too  many  details  were  too  accurately 
prescribed. 

In  this  connection  it  must  not  be  forgotten  that  in  the  past 
the  industries  of  this  country  have  been  developed,  to  the  great 
advantage  of  the  nation,  with  very  little  legislative  interference  ; 
and  it  would  at  present  be  premature  to  make  the  conditions 
regulating  electric  traction  too  stringent,  as  the  working  out  of 
this  branch  of  electrical  engineering  is  by  no  means  completed. 

Besides  traction,  there  is  the  distribution  of  power,  in  which 
mechanical  engineering  is  of  the  greatest  influence  on  the 
successful  application  of  electricity. 

It  is,  of  course,  a  purely  electrical  problem  to  deliver  your 
current  either  at  a  standard  voltage,  or  in  a  constant  quantity, 
at  all  points  of  your  network  of  mains ;  but  the  application  of 
the  motors  to  the  work  they  are  required  to  do,  and  the  deter- 
mination of  their  dimensions,  involve  principally  mechanical 
considerations. 

How  much  there  is  still  to  be  done  in  this  respect  was  made 
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apparent  during  the  discussion  of  Professor  Forbes's  paper  on 
the  proposed  utilisation  of  water  power  at  the  Niagara  Falls. 
Although  the  prevailing  opinion  seemed  to  be  that  for  trans- 
mission to  a  great  distance  alternate  currents  only  can  be 
utilised,  I  believe  that  of  the  actually  established  long-distance 
transmissions  the  greater  part  are  worked  with  continuous 
currents. 

No  hard-and-&st  rule  can  apparently  be  laid  down  that 
either  the  continuous  or  the  alternate  current  should  be  preferred 
in  all  cases  where  power  has  to  be  transmitted  to  a  distance; 
and  in  judging  of  the  merits  of  the  two  systems  the  proper 
conclusion  can  only  be  arrived  at  if  the  commercial  aspect  of 
the  case  is  allowed  to  decide  the  question. 

The  installation  of  rotary-current  motors  at  the  Frankfort 
Exhibition,  driven  by  the  water  power  at  Lauffen,  was  un- 
doubtedly an  engineering  success,  and  served  very  well  for  the 
purposes  of  an  exhibition;  but  nobody  has  attempted  to  do 
everyday  work  on  the  same  lines,  for  the  simple  reason  that  it 
would  have  been  much  cheaper  to  produce  the  power  in  Frank- 
fort by  steam  engines  than  pay  the  commercial  interest  on  the 
outlay  that  had  been  necessary  to  establish  the  transmission 
from  Lauffen. 

The  generating  plant  of  this  installation  is  now  used  for  the 
lighting  of  Heilbronn,  and  there  are  a  few  other  instances  where 
rotary  currents  are  used  for  long-distance  transmissions ;  but,  as 
I  said  just  now,  it  would  be  wrong  to  generalise  by  preferring 
either  the  one  or  the  other  method  of  transmission  in  all  cases. 

Another  great  field  for  electric  motors  is  just  being  opened  by 
their  introduction  for  distributing  power  in  works,  with  a  view  of 
abolishing  shafting,  leather  belts,  and  other  intermediate  gearing, 
and  of  giving  each  lathe  or  other  tool  an  independence  that  cannot 
be  attained  under  the  present  system. 

A  most  interesting  paper  on  this  subject  was  read  by  M. 
Castermans  before  the  Society  of  Engineers  in  Li^e  in  August, 
1892,  in  which  he  compfures  in  detail  several  proposals  for  dis- 
tributing power  in  a  new  small  arms  factory,  that  has  since  been 
erected  at  Herstals. 
VOL.  xxm.  2 
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The  result  he  arrived  at  was  that  with  electrical  motors  he 
could  exert  on  the  working  machines  70  per  cent,  of  the  power 
generated  by  the  main  engine,  while  the  next  best  other  method 
gave  only  63  per  cent.,  when  the  shops  were  working  at  their  full 
capacity. 

In  these  problems,  again,  mechanical  ^tigineering  questions 
decide  whether  the  application  of  electricity  is  justifiable ;  and  it 
is  quite  apparent  that  an  electrical  engineer  requires  to  be  well 
versed  in  a  variety  of  subjects  if  he  wishes  to  keep  in  the  front 
rank. 

Fortunately  for  our  profession,  the  question  of  technical 
education  generally  has  received  particular  attention  during  the 
last  quarter  of  a  century ;  and  omitting  all  reference  to  other 
occasions  when  this  subject  has  been  brought  before  this  Institu- 
tion, I  will  only  remind  you  of  the  eloquent  Address  of  Professcwr 
Ayrton,  which  no  doubt  is  still  fresh  in  your  memory. 

It  will,  therefore,  not  be  necessary  for  me  to  repeat  his  lucid 
exposition  of  the  transition  from  the  former  system  of  pupilage  to 
the  modem  one  of  educating  the  budding  engrineers  in  colleges 
and  their  laboratories,  which  has  supplemented,  and  to  a  great 
extent  supplanted,  the  old  one. 

No  doubt  this  altered  system  of  education  is  capable  of  pro- 
ducing a  class  of  men  who  are  well  adapted  to  explore  the 
untrodden  fields  of  applied  electrical  energy,  where  the  problems 
constantly  demand  a  thorough  knowledge  of  scientific  principles ; 
but,  in  combination  with  this,  an  equally  extensive  acquaintance 
with  practical  possibilities  is  requisite. 

This  most  important  co-operation  of  science  and  practice  is 
essential  for  all  real  success,  and  no  doubt  it  appears  to  be 
superfluous  to  insist  on  the  necessity  of  bearing  this  in  mind ; 
but  a  perusal  of  patent  specifications  will  at  once  convince  you 
that  either  the  one  or  the  other  factor  is  sadly  wanting  in  many 
would-be  inventors. 

Years  ago  it  was  science  that  was  most  conspicuous  by  its 
absence  in  t)iese  documents ;  but  in  the  present  time  it  is  very 
often  obvious  that  the  inventor  has  no  clear  conception  bow  his 
invention  could  be  carried  out  so  as  to  make  it  useful  to  mankind, 
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;and  even  fails  to  see  the  obvious  impossibility  of  realising  his 
ideas  in  the  way  he  claims  in  the  specification. 

*  As  usual,  it  is  very  difficult  to  steer  the  middle  course ;  and  if 
the  scientific  man  had  for  years  to  cry  in  the  wilderness  because 
his  pursuits  did  not  receive  the  proper  attention  in  the  education 
of  engineers,  it  seems  now  to  be  the  turn  of  the  practical  man  to 
warn  students  that  there  is  something  more  to  be  learned  besides 
scientific  truths  before  they  can  aspire  to  be  recognised  as  engineers. 

It  has  always  appeared  to  me  that  at  school  the  mental  powers 
should  be  principally  exercised  in  a  way  to  make  them  fit  for 
learning,  and  that  at  the  same  time  they  should  become 
accustomed  to  the  careful  consideration  of  a  problem  in  its  various 
aspects.  Although  it  has  been  the  fashion  of  late  to  deprecate 
the  study  of  Latin  and  Greek,  I  am  quite  certain  that  the  attack 
is  made  from  quarters  where  the  mental  training  which  the  study 
of  these  languages  entails  is  not  appreciated  at  its  right  value, 
nor  is  the  enormous  advantage  considered  which  their  knowledge 
gives  in  the  study  of  modem  languages. 

After  the  mental  powers  have  been  prepared  in  this  way,  it  is 
of  no  great  consequence  whether  most  of  the  details  of  the  school 
teaching  are  speedily  forgotten  or  not ;  the  essential  point  is  that 
the  student  should  have  acquired  a  good  method  of  learning,  so 
as  to  assimilate  to  the  best  advantage  the  course  of  training  he 
attends  at  college. 

While  the  teaching  at  school  has  a  general  character,  and 
embraces  chiefly  subjects  that  ought  to  be  known  to  all  classes, 
at  college  the  various  professions  are  differentiated,  and  in  each 
branch  the  students  learn  the  general  principles  that  ought  to 
^vem  them  in  their  future  career. 

Formerly  it  was  possible  to  let  the  course  of  scientific  studies 
-embrace  all  that  was  known  in  any  particular  branch ;  in  fieu^t,  the 
general  principles  and  the  interdependence  of  the  various  branches 
were  not,  and  to  some  extent  are  not  yet,  properly  understood. 

To  attempt  a  similar  course  at  the  present  time  is  simply  im- 
possible, and  the  danger  that  has  to  be  avoided  in  our  scientific 
ooUeges  is  the  tendency  to  teach  our,  profession  too  much  in  detail. 

Besides  overwhelming  the  professors  with  work,  such  a  oonrse 
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is  apt  to  create  in  the  students  the  conviction  that  on  leaving 
college  with  a  first-class  certificate  they  know  all  that  can 
possibly  be  known,  and  that  anything  that  does  not  fit  in  with 
the  theory  of  their  pet  professor  must  necessarily  be  condemned. 

A  fault  into  which  yoimg  men  are  liable  to  fall,  when  they 
come  full  of  honours  from  college,  is  that  they  consider  the 
passing  through  workshops  beneath  their  dignity,  especially  when 
they  have  attended  for  the  prescribed  time  in  the  workshop  of 
the  college.  They  quite  forget  that  the  practical  conditions  that 
prevail  in  works  where  machinery  is  made  for  sale  differ 
entirely  from  those  of  a  laboratory,  where  the  only  aim  is  to  give 
the  students  an  opportunity  of  acquiring  manual  skill. 

Another  class  of  students  commences  practical  work  with  the 
greatest  interest,  and  the  fixed  determination  to  introduce  with  all 
possible  speed  the  various  improvements  which  the  difference  of 
the  practical  work  with  which  they  come  in  contact  from  the 
teaching  at  college  suggests  to  them. 

On  all  these  students  it  cannot  be  impressed  too  much  that 
the  practical  training  is  of  quite  as  much  importance  as  the 
scientific  course  at  college ;  in  &ct,  in  most  cases  the  conclusions 
of  pure  science  have  to  be  modified  by  practical  considerations 
before  a  useful  application  of  science  can  be  produced. 

For  this  reason  it  is  highly  desirable  that  the  teaching  at 
engineering  colleges  should  be  confined  to  general  principles,  as 
&r  as  the  applications  of  science  are  concerned,  but  that  the 
students  should  become  thoroughly  well  acquainted  with  the 
mental  tools  that  are  used  in  scientific  investigations,  such  as 
mathematics,  the  general  principles  of  chemistry,  and  of  the 
branches  of  natural  philosophy. 

While  the  student  is  trained  afterwards  in  practical  work,  he 
has  time  to  select  what  special  branch  of  the  profession  he  wishes 
to  devote  his  life  to,  and  no  doubt  he  will  find  that  his  college 
studies  have  to  be  supplemented  by  reading  up  the  various 
technical  works  referring  more  particularly  to  the  selected  branch. 

If  he  has  been  able  to  acquire  a  certain  knowledge  of  modem 
languages,  he  will  find  his  labour^  lightened  very  materially  by 
having  a  much  larger  range  ef  literature  to  select  from. 


1894.]  ADDRESS  OF  THE  PBESIDENT.  21 

In  this  respect  electrical  engineering  has  been  especially 
fortunate,  for  it  has  more  than  any  other  profession  an  inter- 
national character,  and  this  Institution  has  from  the  very 
commencement  counted  among  its  members  distinguished 
electrical  engineers  of  many  nationalities. 

It  is  quite  true  that  after  a  time  the  principal  foreign  nations 
formed  their  own  Electrical  Institutions,  but  the  international 
character  of  the  profession  has  been  kept  up  by  the  congresses 
which  have  met  from  time  to  time  with  a  view  of  regulating 
electrical  matters  of  international  importance. 

At  the  official  congress  which  met  last  year  at  Chicago,  an 
international  system  of  units  of  measurement  has  been  settled,  or, 
rather,  readjusted,  for  the  electrical  engineers  have  from  the 
beginning  enjoyed  the  immense  advantage  that  their  units  of 
measurement  have  been  the  same  in  all  countries. 

Not  only  has  this  circumstance  greatly  promoted  the  inter- 
communication between  the  various  nations,  but  the  character  of 
the  electrical  units  facilitates  tihe  demonstration  of  the  inter- 
dependence of  the  various  forms  of  energy,  and  simplifies  the 
calculations  of  the  engineering  profession. 

If  a  proof  were  necessary  of  the  utility  of  having  the  same 
units  understood  in  all  civilised  countries,  it  is  only  necessary  to 
observe  the  conditions  and  the  tendencies  that  prevail  in  other 
matters  of  international  interest. 

It  is  chiefly  owing  to  telegraphy  that  the  conditions  of  modem 
life  diflfer  so  essentially  from  the  state  of  things  before  th6  means 
of  quickly  communicating  with  distant  parts  were  at  the  service 
of  the  commtmity  at  large. 

Through  the  ever-increasing  network  of  telegraph  wires  all 
mankind  is  drawn  together,  and  the  mutual  reaction  of  the 
aflFairs  of  distant  nations  is  very  well  illustrated  by  the  news- 
papers of  all  countries  vieing  with  each  other  to  bring  the  latest 
news  from  all  parts  of  our  globe,  and  by  the  effect  this  news 
produces  at  home. 

Not  only  are  industrial  enterprises  greatly  aided  by  the  possi- 
bility of  watching  their  progress  in  distant  coxmtries  as  easily  as 
it  was  formerly  possible  to  follow  the  fortunes  of  works  in  the 
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nezt  county,  but  the  distribution  of  the  commodities  of  life  can 
be  regulated  in  such  a  way  that  an  extraordinary  demand  in  one- 
country  can  be  met  by  an  extraordinary  supply  from  another  one. 

Under  such  conditions  of  inter-communication,  it  is  not  to  be 
wondered  at  that  attempts  have  been  made — and,  in  feet,  have 
been  to  a  great  extent  successful — for  fecilitating  the  intercourse 
between  nations  in  various  directions  where  an  international 
agreement  could  do  away  with  existing  difficulties. 

One  of  the  most  important  international  conventions  is  the 
Postal  Union,  into  which  most  nations  of  our  globe  have  entered,, 
and  whose  influence  is  brought  home  to  us  every  day. 

In  another  direction  an  effort  has  lately  been  made  to  make 
the  mode  of  reckoning  time  more  imiform,  and  the  result  is  that 
Greenwich  time  has  practically  been  adopted  in  a  great  many 
civilised  countries,  by  making  the  local  time  either  the  same,  or 
differing  from  Greenwich  by  one  hour  or  by  multiples  of  an  hour. 

An  even  more  important  agreement  among  many  nations  has 
existed  now  for  more  than  a  quarter  of  a  century  by  their 
adopting  the  metrical  system  of  measurement;  and  it  is  well  worth 
while  seriously  to  consider  the  effect  of  this  concerted  action  on 
the  part  of  foreign  nations,  as  it  forms  an  ever-increasing  obstacle 
for  the  successful  competition  of  English  manufecturers. 

An  ideal  system  of  measurement  should  be  based  on  units 
which  can  be  reproduced  at  any  time  and  at  any  place  with 
mathematical  precision,  and  you  all  know  that  the  metrical 
system  was  intended  to  embody  this  desirable  condition. 

From  various  causes,  into  which  I  need  not  enter  here,  the 
attempt  has  failed;  even  the  kilogramme  does  not  bear  the 
relationship  to  the  linear  units  which  it  originally  was  intended 
to  have,  so  that  the  bases  of  the  metrical  system  are  now  an 
arbitrary  metre  and  an  arbitrary  kilogramme. 

All  the  same,  its  very  general  adoption  has  proved  a  very 
great  convenience,  and  there  is  little  doubt  that  the  introduction 
of  international  electrical  units  has  been  accompUshed  with  such 
fecility  because  they  are  based  on  the  metrical  system. 

When  we  recollect  that  it  was  a  German  professor  who* 
suggested  the  absolute  system  of  measurement,  that  the  British 
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Association  first  established  practical  electrical  units,  that  the 
metrical  system  is  of  French  origin,  and  that  the  electrical  system 
of  measurement  was  elaborated  by  discussions  between  engineers 
and  scientific  men  of  all  nations  at  the  various  congresses,  we 
cannot  wonder  that  a  very  perfect  system  has  been  the  outcome, 
and  that  its  general  adoption  in  all  countries  has  followed  without 
discussions,  although  the  formal  recognition  may  not  yet  have 
been  pronounced  in  all  cases. 

Even  in  this  system  it  has  been  found  necessary  to  settle  one 
of  the  units — the  ohm — in  an  arbitrary  manner,  as  it  was  recognised 
that  for  practical  purposes  it  was  better  to  have  an  arbitrary  but 
fixed  standard,  than  to  correct  the  unit  every  time  that  an 
improvement  in  methods,  or  in  instruments,  admitted  of  deter- 
mining it  with  greater  accuracy  than  before. 

It  is  well  worth  while  to  reflect  on  the  lesson  which  this  fact 
conveys,  viz. — ^tbat,  in  spite  of  the  earnest  endeavours  and  the 
painstaking  collaboration  of  most  competent  men,  it  has  not  been 
possible  to  follow  out  in  practice  the  dictates  of  pure  science^  but 
that  a  compromise  was  found  to  be  inevitable. 

The  conclusions  to  which  this  consideration  of  the  influences 
that  have  shaped  the  course  of  electrical  engineering  leads  us, 
may  well  awake  in  us  the  hope  of  an  ever-increasing  activity  and 
of  an  ever-growing  importance  of  the  applications  of  electricity  ; 
but  we  must  not  forget  that  we  can  only  succeed  if  we  imderstand 
how  to  adapt  our  work  to  practical  requirements  without  losing 
sight  of  scientific  laws. 

For  this  reason  nothing  can  further  the  interests  of  our 
profession  more  than  a  free  and  frequent  interchange  of  ideas 
between  the  engineers,  who  carry  out  the  practical  applications, 
and  the  scientific  men,  who  investigate  the  nature  of  electricity. 

In  the  past  this  Institution  has  been  the  arena  in  which  many 
subjects  have  thus  been  discussed  to  the  advantage  of  everybody 
concerned ;  and  it  is  the  duty  of  all  its  members  to  contribute, 
either  by  reading  papers  or  by  criticising  those  submitted  by 
others,  to  the  development  and  to  the  ever-increasing  importance 
of  electrical  engineers. 
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ADDRESS  OF  THE  PRESIDENT. 


[Jan.  11th, 


PROVISIONAL    ORDERS    AND    LICENSES, 
Under  Electric  Lighting  Acts,   1882  and   1888. 


1888. 

1.  Local  Authorities. 

(a)  Provisional  Orders. 

Diatrict 

To  whom  Qnuted. 

Present  SUte. 

\t"p" 

°^> 

Barton,  Eccle8,&c.... 

The  liocal  Board       

Repealed  ... 





Birkdale      

II                    

BeToked  ... 

— 

— 

Bradford      

The  Corporation       

Working  ... 

1,610 

970 

Brighton      

>> 

II 

1,800 

870 

Bristol          

))                    •••       ••. 

II         ••• 

1,760 

806 

CarUsle        

«                    

Beroked  ... 

— 

— 

Grantham     

If                    •••        ••• 

„ 

— 

— 

Greenock     

The  Board  of  Police 

Waiting   ... 

— 

— 

Nelson          

The  Local  Board 

Working  ... 

210 

140 

Norwich       

The  Corporation        

Revoked  ... 

— 

— 

Richmond     

TheVestrj     

Constructing 

— 

— 

St  Pancras 

9)                         •••              ...              ••> 

Working  .. 

1,450 

780 

Scarborough 

The  Corporation        

Merged     ... 

— 

— 

Ulverston     

The  Local  Board       

Reroked  ... 

— 

— 

(6)  Licenfises. 

None. 

2.  COBiPANIES. 

(a)  Provisional  Orders. 

Aston           

South  Staffordshire  £.  L.  Co. 

Revoked  ... 

— 

— 

Balsall  Heath 

i>                    »i 

II 

-- 

— 

Barnes  and  Mortlake 

Metropolitan  (Brush)  E.  L.  Co. 

,1         ... 

— 

— 

Bermondsej 

M                                      l> 

II 

— 

— 

Birmingham ... 

Incandescent  £.  L.  Co. 

»i         ••• 

— 

— 

Cambridge 

Prorincial  (Brush)  E.  L.  Co. 

i>         ••• 

— 

— 

Canterbniy 

South  Easteni(Brush)  £.L.Co. 

if 

— 

— 

Chelsea        

Metropolitan  (Brush)  E.  L.  Co. 

II 

— 

— 

Chiswick      

II                     II 

i»         ••• 

— 

— 

Clerkenwell 

II                                       M 

If         ••• 

— 

— 

Cro^on       •• 

South  Eastern  (Brush)  E.L.Co. 

91                 ••• 

— 

~ 

1894.]  ADDRESS  OF  THE  PRESIDENT. 
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District 

To  whom  Granted. 

Present  State. 

^- 

Oj.t^, 

Dudley 

South  Staffordshire  E.  L.  Co. 

Revoked  ... 

— 

— 

Dundee 

... 

Brush  E.  L.  Co.  of  Scotland 

— 

— 

Fincbley      .. 

... 

Metropolitan  (Brush)  E.L.  Co. 

— 

— 

Folkestone  ... 

... 

South  Eastern  (Brush)  E.  L.Co. 

— 

— 

Grareeend    .. 

... 

»»                                            99 

• 

— 

Greenwich   .. 

... 

Metropolitan(Brush)E.  L.  Co. 

— 

— 

Hackney      .. 

i»                       »> 

— 

— 

Hampstead  .. 

Ferranti-Hammond  E.  L.  Co. 

— 

— 

Hanorer  Square 

Swan  United  E.  L.  Co. 

— 

— 

High  Wycombe 

... 

PpoTincial  (Brush)  E.  L.  Co. 

— 

— 

Holborn 

... 

Metropolitan  (Brush)  E.  L.  Co. 

— 

— 

Hornsey 

... 

»>                      >» 

— 

— 

Ipswich 

Provincial  (Brush)  E,  L.  Co. 

— 

—  • 

Islington 

Metropolitan  (Brush)  E.  L.  Co. 

-— 

— 

Limehouse  ... 

... 

99                                        99 

— 

— 

Lowestoft     .. 

... 

Provincial  (Brush)  E.  L.  Ca 

— 

— 

Luton 

... 

f»                    >• 

— 

— 

Biaidstone    ... 

South  Eastern  (Brush)  E.  L.Ca 

— 

— 

Margate 

... 

>»                     »» 

— 

— 

Poplar 

Metropolitan  (Brush)  E.  L.  Ck>. 

— ' 

— 

Bedditch 

Incandescent  E.  L.  Co. 

— 

— 

Rochester     .. 

... 

South  Eastern(Brush)  E.  L.  Co. 

— 

— 

Rotherhithe .. 

... 

Metropolitan  (Brush)  E.  L.  Co. 

— 

— 

St.George,Southwark 

M                                        >» 

— 

— 

St.  George's-in-the- 
East         

l»                                       >» 

f          *** 

— 

— 

St.  Giles      ... 

... 

It                                       )> 

— 

— 

>}            ••• 

... 

Pilsen- Joel  &  General  E.L.  Co. 

— 

— 

StJamesA  St.  Martin 

Edison  E.  L.  Co 

— 

— 

St  Luke      ... 

... 

MetropoUtan(Bmsh)E.L.  Co. 

— 

— 

St  Olaye     ... 

... 

»>                      » 

— 

— 

St  Sarioui^s,  South- 
wark         

i»                      >» 

— 

_ 

Saltley 

South  Staffordshire  E.  L.  Co. 

— 

— 

Shoreditch  .,, 

MetropoUtan  (Brush)  E.L.  Co. 

— 

— 

South  Kensington 

Swan  United  E.  L.  Co. 

— 

— 

Stntnd 

»>                »» 

— 

— 

Sudbury 

Provincial  (Brush)  E.  L.  Co. 

— 

— 

Sunderland  ... 

... 

North  Eastern  E.  L.  Co. 

— 

^ 

26  ADDRESS  OF  Tfi£  PRESIDENT.  [Jan.  lltii. 

Provisional  Orders  and  Licenses— (xm^mued. 


District. 

To  whom  Ormoted. 

Present  State. 

Bngines 

^!«?.'- 

Victoria 

Swan  United  £.  L.  Coi 

Revoked  ... 



^_ 

Walsall         

Incandescent  £  L.  Co. 

>»         ••• 

— 

— 

Wandsworth 

Metropolitan  (Brash)  E.L.  Co. 

» 

— 

— 

Wednesburj 

Sonth  Staffordshire  E.  L.  Co. 

»»         ••• 

— 

— 

West  Bromwich     ... 

»>               »>               »» 

»»         ••• 

— 

— 

Whitechapel 

Metropolitan  (Brash)E.L.  Co. 

»» 

— 

— 

Wolverhampton 

South  Staffordshire  £.  L.  Co. 

*f         ••• 

~ 

— 

(6)  LiceTises. 

None. 

1884. 

1.  Local  Authorities. 

(a)  Protdsioncd  Orders. 

BorjSt.  Edmands... 

The  Corporation        

Revoked  ... 

— 

— 

(6)  Licensed. 

None. 

2.  Companies. 

(a)  Provisioned  Orders. 

Edison  &  Swan  United 

Edison  &  Swan  United  E.L.  Co. 

Revoked   ... 

— 

_ 

West  Middlesex  E.  L.  Co.    ... 

,, 

— 

— 

St  James,  St.  Martin, 
and  St.  George    ... 

West  London  E.  L.  Co. 

» 

— 

— 

(6)  Licenses. 

Colchester 

South  Eastern  CBrush)  E.  L. 
Co.     

Expired    ... 

— 

— 

1886. 

1.  Local  Authorities. 

(a)  Provisional  Orders. 

None. 

(6)  Licenses. 

Dalton-in-Fumes8 ... 

The  Local  Board        

Expired    ... 

— 

— 

18^0  ADDRESS  OF  THE  PRESIDENT. 
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2.  Companies. 

(a)  Provisioned  Orders. 

None. 

(b)  Licenses, 

Diftrict. 

To  whom  Granted. 

Present  Stfttc. 

^^-p" 

Out^t. 

St.  Austell 

John  Edward  Veale 

Working  ... 

140 

83 

1886. 

1.  Local  Authorities. 

(a)  Provisional  Orders. 
None. 

(5)  LioeTises. 

1 
Dnndalk       The  Town  Commissioners    ... 

Waiting    ... 

— 

— 

2.  Companies. 

(a)  Provisumal  Ordeals. 

Chelsea         

Chelsea  Electricitj  Sapplj  Co. 

Working  ... 

2,000 

1,280 

(6/  Licenses. 

None* 

1887. 

1.  Local  Authorities. 

Neither  Frorisional  Orders  nor  I 

iicenses. 

2.  Companies. 

(a)  Provisional  Orders. 
None. 

(5)  Licenses. 

Kensington  Court  ... 

Kensington  Court  E.  L.  Co.... 

Merged     ... 

— 

— 

1888. 

1.  Loo  All  Authorities. 

Neither  Pnmsional  Orders  nor  L 

icenses. 

ADDRESS  OF  THE  PRESIDENT.  [Jan.  llth, 
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2.  Companies. 

(a)  Provisional  Orders. 
None. 
(5)  Licenses. 

District. 

To  whom  Granted. 

Present  state. 

» 

Outmit, 

Kensington  Court  ... 

Kensington  Court  E.  L.  Co. 

Merged    ... 

— 

Lirerpool     

Liverpool  Electric  Supply  Co. 

»>         ... 

— 

— 

St.  James     

St.  JamesA  Pall  Mall  E.L. Ca 

9$               ••• 

— 

— 

1889. 

1.  Local  Authorities. 

(a)  Provisional  Orders. 

Swansea       

The  Corporation        

Waiting    ... 

— 

— 

(6)  Licenses. 

DubUn         

The  Corporation        

Merged     ... 

— 

i— 

Wimbledon 

The  Local  Board       

Waiting    ... 

— 

— 

2.  C!OMPANIES. 

(a)  Provisional  Orders. 

Birmingham 

Messrs.    Chamberlain   & 
Hookham     

Merged    ... 

_ 

^_ 

Honse-to-Honse 

Honse-to-House  E.  L.  Co.    ... 

Working  ... 

1.020 

550 

Kensington 

Kensington  and  Knightsbridge 
£.  L.  Co.     •••        •..        ... 

>•         ••• 

2,120 

1,806 

Liyerpool     

Liverpool  Electric  Supply  Ca 

Merged     ... 

— 

— 

London    Electric 
Supply  Corporation 

London  Electric  Supply  Cor- 
poration        

Working  ... 

6,000 

4,200 

Mid  London 
West  London 

Metropolitan  EL  Supply  Co. 

n                                 9* 

7,400 

4,800 

Notting  Hill 

Notting  HUl  E.  L.  Co. 

»         ... 

5C0 

480 

St.  Martin 

Electricity  Supply  Corporation 

>j         ... 

1,700 

1,000 

South  Kensington  ... 

Chelsea  Electricity  Supply  Co. 

Merged    ... 

— 

— 

Westminster 

Westminster  Electric  Supply 
Corporation 

Working  ... 

4,700 

2,520 

(5)  LiceTises. 

Kensington 

Kensington  Court  E.  L.  Co. 

Merged     ... 

— 

— 

1894.]  ADDRESS  OF  THE  PRESIDENT. 
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1800. 

1.  Local  Authorities. 

(a)  Provisional  Orders. 

Digtrict 

To  whom  Granted. 

Preient  SUte. 

Engines 
LH.P. 

output. 

Aberdeen     

The  Corporation        

.  Constructing 

320 

— . 

Aecrington 

}«                    ...        .. 

.   Sanctioned 

— 

— 

Ayr  Burgh 

»>                    ...        .. 

.   Waiting    ... 

— 

— 

Bacnp           

»»                    ••• 

»         ••• 

— 

— 

Bamdey      

f»                    •••        •• 

,9                  ... 

— 

— 

Bedford       

»»   %,                

If 

— 

— 

Belfut         

»f                    •••        •• 

.  Constmcting 

500 

— 

Bi^eohead 

»                    •••        •• 

.   Waiting   ... 

— 

— 

BUckbnm 

»>                    •••        •• 

.  Constructing 

550 

— 

Blackpool    

•>                    •••        •• 

.   Working  ... 

580 

200 

Burnley 

$9 

19                ... 

860 

1S4 

Bnrton-on-Trent    .. 

19 

.  Constructing 

200 

— 

Buiy  (Lanca) 

»l                                         

.   Sanctioned 

400 

— 

^Cambridge 

»»                                         ••• 

.   Working  ... 

600 

450 

Cheltenham 

>J                                         ••• 

.   Sanctioned 

— 

— 

Chester        

>»                                         •••                •• 

» 

— 

— 

Darlington 

»»                                         •••                •• 

.   Waiting    .. 

— 

— 

Derby          

»»                                         •••               •• 

.   Working  ... 

850 

— 

•Dorer           

«»                                         •••               •• 

.    Waiting    ^ 

— 

— 

Dnndee        

.   Working  ... 

730 

436 

Fleetwood 

ImproTement  Commlnioners 

Constructing 

150 

— 

Glaagow       

The  Corporation        

.   Working  ... 

1,860 

1,230 

Great  Tarmonth     ... 

»»                    •••        •• 

.   Sanctioned 

— 

— 

Haftings       

>f                    •••        •• 

.   Waiting    ... 

— 

- 

•Hore            

The  Hore  Commianonera 

.  Working  ... 

.  170 

132 

Hnddersfield 

The  Corporation       

»> 

1,000 

500 

Hun 

»                   

»         ... 

600 

820 

Lancatter     

n                         •••          •• 

.  Conftructing 

400 

— 

Leiceater      

n                       

jj 

850 

— 

Malrem  .    ^. 

The  Local  Board       

.   Waiting   ... 

— 

— 

The  Corporation        

.  Working  ... 

1,980 

1,420 

Nottingham 

i>                   

.  Constructing 

642 

— 

Oldham        

M                                      •••               •• 

»» 

320 

— 

Portmonth 

f»                                      •••               •• 

M 

640 

— 

8«lford        

»|                                      •••               .• 

ft 

676 

— 

^  Traoafened  to  company. 
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Diatrict 

To  whom  Omnted. 

Present  SUte. 

Bnflnnes  Outputi 

Staflford        

The  Corporation        

Sanctioned 

480 

__ 

Stockton-on-Tees  ... 

„                     ...        ... 

Waiting   ... 

— 

•— 

Tiverton       

»» 

f> 

— 

— 

WalMll         

9» 

Sanctioned 

400 

— 

Wigan          

««                                         ••.                >•• 

Waiting    ... 

— 

— 

Wolverhampton 

),                                        ...                ... 

Constructing 

625 

■— 

Woroeflter    

»» 

»» 

800 

— 

York 

,)                                         •••               ... 

Sanctioned 

— 

— 

(6)  Licm8C8. 

1 

Dublin         The  Corporation        

Merged    ... 

— 

2.  Companies. 

(a)  Provisional  Orders, 

Aflhton-nnder-Lyne 

Municipal  E  L.  &  Power  Corp. 

Revoked  ^. 

—     ;     — 

Bognor        

The  Electric  Trust,  Limited... 

ff 

— 

— 

Bonmemonth 

Brush  El.  Engineeriug  Co. .. 

Working  ... 

C50 

876 

»»                    ••• 

South  of  England  House-to- 
House  El.  Co. 

Revoked  ... 

1 

j 

Chatham,  &c 

Chatham,Rochester,  &  District 
£•  L.  Co.      .••        ..•        ... 

Working  ... 



268 

Coatbridge 

Scottish  House-to-House  Elec- 
tricity Co ^ 

Constructing 

^^. 

Eastbonme 

Eastbourne  E.  L.  Co 

Working  ... 

860 

— 

Gmlway        

Qalway  Electric  Co.  .•• 

f> 

100 

60 

Haatingi     and     St 
Leonards 

Hastings  and  St.  Leonards  E.  L. 
Co 

n 

420 

260 

Kelvinside    

Eelvinside  Electricity  Co.    ... 

>»          ••• 

— 

— 

City  of  LondonCBrosh) 

Brush  EL  Engineering  Co. ... 

"           ^ 

(Eaat) 

Laing,    Wharton,    &    Down 
Construction  Syndicate     . . . 

..    5 

6,170 

8,180 

Crystal  Palace 

Electric  Installation  and  Main- 
tenance        

i>       ••• 

760 

460 

Lambeth      

House-to-HouseEJUSupplyCo. 

Revoked  ... 

— 

.. 

London  EL  Supply... 

London  Electric  Supply  Cor- 
poration        

Working  .. 

See  ante 

_ 

FaddiDgton 

Metropolitan  Electric  Supply 
Corporation 

ft        ••• 

See  ante 

__ 

North  London 

House>to-HouseE.L.SupplyCa 

Revoked  ... 

— 

» 

St.  James    

St.  Junes  &  Pall  Mall  E.L.  Co. 

Working  ... 

3,680 

2,120 
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District. 

To  whom  Oranted. 

Present  SUte. 

Engines 
I.H.P. 

Out^t. 

Windnrorth 

Hoii9e-to-HonseE.L.SnpplyCo. 

Revoked  ... 

— 

_ 

Morecambe 

Messrs.  Andrews  &  Preece  ... 

Working  ... 

260 

120 

MoesSide&Stntfbrd 

Mandiester  Honse-to-Honse 
El.  Co 

Revoked  ... 

„„ 

_^ 

Northampton  E.L.  &  Power  Co. 

Working  ... 

350 

200 

OxfOTd         

Electric  Installation  &  Main- 
tenance Co 

Merged     ... 



- 

Plymouth     

Devon  and  Cornwall  Electric 
Supply  Co 

Revoked  ... 

^^ 

_ 

Preston        

National  Electric  Supply  Co. 

Merged     ... 

— 

— 

PrettonandFnlwood 

Lancashire  &  Cheshire  House- 
to-House  Co. 

Revoked  ... 

„« 



Serenoaki    

The  Electric  Trust,  Limited... 

»» 

— 

— 

Tnnstall        

>»                      )• 

»» 

— 

— 

Windfor       

Windsor  and  Eton  E.  L.  Co.... 

Constructing 

— 

— 

WokiDg        

Woking  Electric  Supply  Co. 

Working  ... 

250 

180 

WrexbMtt     

Wrexham  &  District  Electric 
Supply  Co.  ...^       

Waiting    ... 

— 

— 

(6)   Lice7t8€8. 

BiUh 

H.  6.  Massingham    

Working  ... 

740 

300 

Chelmsford 

Crompton  &  Co 

ff        ••• 

400 

— 

Newcastle  A  District 

Newcastle  &  District  E.  L.  Co. 

Mei^     ... 

— 

— 

Newcastle-npon-Tj  ne 

Newcastle-upon-Tyne  Electric 
Supply  Co 

n            ••• 

.« 

... 

Northampton 

N'thampton  E.  L.  &  Power  Co. 

91                 ... 

— 

— 

Sonthampton 

Southampton  E.L.  &  Power  Co, 

Working    .. 

280 

150 

1891. 

1.  Local  Authorities, 

(a)  Provisional  Orders. 

•Acton         ...       .. 

The  Local  Board        

Waiting    ... 

— 

— 

Bdton 

The  Corporation 

Constructing 

540 

— 

Bromley 

The  Local  Board       

Waiting    ... 

— 

— 

Canterbnry 

The  Corporation        

f» 

— 

Citdiff         

,t                   •••  *     •«. 

Constructing 

800 

— 

•Odswick      

The  Local  Board       

Waiting    ... 

— 

— 

Corentry      

The  Corporation        

Constructing 

600 

— 

CraydoQ       >••        ... 

»»                    

Waiting    ... 

— 

— 

*  Tnuitferred  to  company. 
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Distrioi. 

1k>whomOnnted. 

Prewnt  state. 

""^^ 

"IV.'' 

Dewsbnrj    

The  Corporation        

Constructing 

600 



Ealing          

The  Local  Board       

t» 

420 

— 

Edinburgh 

The  Corporation        

Sanctioned 

1,600 

— 

Hanley         

»i                    

Constructing 

670 

— 

Harrogate    

If 

Sanctioned 

— 

— 

Heckmondwike 

The  Local  Board       

Waiting    ... 

— 

— . 

Hertford 

The  Corporation        

n 

— 

— 

it                    ••• 

»»            ••• 

— 

— 

Kingston      

»f                    

Working  ... 

aoo 

195 

LlaneUy       

The  Local  Board       

Waiting   ... 

— 

— 

Londonderry 

The  Corporation        

Constructing 

460 

— 

Newport      

»f                    ••• 

Sanctioned 

686 

— 

Paisley         

i>                    

Waiting   ... 

— 

— 

Scarborongh 

»                    •••        •• 

Working  ... 

400 

800 

Sonthend     

The  Local  Board       

Waiting    ... 

— 

— 

Sonthport    

Constructing 

260 

— 

South  Shields 

>»                    

Waiting    ... 

— 

— 

Stockport    

„ 

$9 

— 

— 

Sunderland 

>»                    

Constructing 

320 

— 

Surbiton      

The  Local  Board       

Waiting    ... 

— 

— 

Torquay       

•f                    

n 

— 

— 

Tunbridgtt  Wells    ... 

The  Corporation        

Sanctioned 

— 

— 

Tynemouth 

f>                    •••        ••• 

Waiting   ... 

— 

— 

Weston-super-Mare 

The  Improrements  Conunissrs. 

n 

— 

— 

Whitby        

The  Local  Board       

>»            ••• 

— 

— 

Whiteharen 

The  Town  &  Harbour  Trustees 

Working  ... 

240 

144 

(6)  LiceTiaes. 

None. 

2.  Companies. 

(a)  Provisional  Orders. 

Birmingham 

Birmingham  EL  Supply  Co. 

Working  ... 

1,060 

680 

Bishop's  Stortford  ... 

Bishop's  Stortford  E.  L.  and 

Steam  Laundry  Co. 

Reroked  ... 

— 

— 

Exeter         

Exeter  Electric  Light  Ca    .. 

Working  ... 

420 

200 

Ipswich        

Ipswich  EL  Supply  Co. 

Revoked  ... 

— 

— 

w             

Laurence  Scott  &  Co. 

9t 

— 

— 

Eillamey     

C.B.  Leahy 

Working  ... 

— 

— 
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District 

To  «'hom  Qrmotcd. 

Prewnt  Stale. 

^P** 

°s^r 

Leedi          

TorkihiieHoiiie-to-HonieEl.Co 

Working  ... 

700 

350 

Lirerpool    

Liyerpool  El.  Snpplj  Co.    ... 

n 

3,800 

2,000 

Oamberwell 

Camberwell&l8lingtonE.L.Co. 

Revoked   ... 

— 

— 

City  of  London 

BmahElectricalEngineeringCo. 

Merged    ... 

— 

— 

Clerkenwell 

>»                                         M 

» 

— 

— 

lalington       

Comberwell  &IslingtonE.L.Co 

Revoked  ... 

— 

— 

St.  Luke,  Chelsea  ... 

New  Cadoffan  &  Belgrare  El. 
Supply  Co 

» 

__ 

_» 

St  Lnke,  MiddleMx 

BmshElectricalEngineeringCo. 

Merged    ... 

—  ' 

— 

Sonthwark 

f»                      »> 

Waiting    ... 

— 

Wandsworth 

Stamford  HUl,  &c,  E.  L.  and 
Power  Co 

Revoked  ... 

__ 

Weetminfter 

WeetmiDster  EL  Supply  Corp. 

Working  ... 

SteatUe 

— 

Woolwich    

Woolwich  District  E.  L.  Co. 

»»        ••' 

40 

87 

Newci»tle-upon.Tyne 

NewcMtle  &  District  E.  L.  Co. 

f»        ••• 

1,000 

— 

Norwich       

Norwich  Electricity  Co. 

i> 

300 

180 

Poole 

Waiting    ... 

— 

— 

Pporton        

National  Electric  Supply  Co. 

Working  ... 

710 

470 

ToxtethPark 

Lirerpool  Electric  Supply  Co. 

» 

See  ante 

— 

Weybridge 

Weybridge  Electric  Supply  Co 

n 

150 

— 

Withington 

Manchester  House-to-House 
Electric  Co 

Revoked  ... 

— 

(6)  Licenses. 

None. 

1892. 

1.  Local  Authorities. 

(a)  Provisional  Orders. 

*  Aberjstwith. . . 

The  Corporation        

Waiting    ... 

— 

— 

Aihton-nnder-Ljne 

n                       

>»         ... 

— 

— 

Dnblin         

n                           ••• 

Working  ... 

1,000 

500 

Goran          

The  Commisrioners  of  Police 

Waiting    ... 

— 

— 

Halifax        

The  Corporation        

Constructing 

600 

— 

Htfwich      

i»                   

Waiting    ... 

— 

— 

Kilkennj     

»>                   

M 

— 

— 

Limerick      

„                   ...       ... 

f»                  ••• 

— 

— 

Hampstead 

The  Vestry     

Constricting 

8U0 

— 

Lambeth      

n                    •••           •••           ••• 

Waiting    ... 

— 

— 

Shore£tch 

»                    

»         ••• 

— 

— 

vou  xxm. 


*  Transferred  to  company. 
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District. 

To  whom  Onmted. 

Preeent  state. 

itr^s!^.*- 

Whitechapel 

The  Board  of  Woriu  ^. 

\.^  Waiting    ... 

_ 

^^ 

Maidstone 

The  Corporatkm 

•% 

f»           ••• 

— 

— 

Newbury     

„ 

•»• 

»f 

— 

— 

Satton          

The  Local  Board 

«, 

»» 

— 



Waterford 

The  Corporation 

,. 

»i           ••• 

-. 

.-. 

WeitHam 

n 

... 

»i           ••• 

— 

— 

1 
(6)  Licenses. 

1 

1 

None. 

2,  Companies. 

(a)  Provisional  Orders. 

Fareham      

Fareham  £.  L.  Co.    •.. 

... 

Working  ... 

80 

SO 

Lirerpool     

Lirerpool  Electric  Snpplj 

••* 

99 

See  ante 

— 

Connty  of  London  ... 

Conntj  of  London  E.  L. 

Co. 

Waiting    ... 

— 

— 

Southwark 

>»                                         99 

>» 

— 



Wandsworth 

n                            9« 

t» 



_ 

Oxford         

Oxford  Electric  Co.   ... 

... 

»»          ••• 

600 

240 

Sheffield       

Sheffield  E.  L.  &  Power  Co. 

»» 

660 

800 

Woking        

Woking  Electric  Supply 

Co. 

» 

See  ante 

— 

(6)  Licenses. 

1 
1                     1 

Ogmore  Vallej 

Ogmore  Valley  E  L.  &  Power 

Co.     ...        

••• 

Working  ... 

140 

— 

1888. 

1.  Local  Authorities. 

(a)  Provisional  Orders. 

The  Local  Board 


Bamet 

Beckenham  ... 

Bridgend 

Colchester   ... 

Ecclei 

Hackney 

Hammersmith 

Islington 

Poplar 

Partick 

Taunton 


The  Corporation 

The  Board  of  Works... 
The  Vestiy     

>» 
The  Board  of  Works... 
The  Commissioners  of  Police 
The  Corporation 


Waiting    ... 

— 

— 

>i 

— 

— 

99                  ••• 

It                   ••• 



^" 

l»                   ••• 

— 

— 

Sanctioned 

— 

■— . 

Waiting    ... 

— 

— 

99                 •^•. 

— 

— 

Working  .... 

440 

165 
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(b)  Licenses. 

District. 

To  whom  Qranted. 

Prwent  State. 

tfi!r|'ir' 

Tuintoa       

The  Corpoiation 

Merged     ... 

— 

— 

2.  Companies. 

(a)  Provisional  Orders. 

Altrincham  &  Bowdon 

Manchester  Edison-Swan  Co. 

Waiting    ... 

_^ 

_«. 

Newcastle-upon-Tyne 

Newcastle-upon-Tjme  El. 
Supply  Co 

Working  ... 

1,100 

600 

Newmarket ... 

British  E.  L.  Ca        

Waiting    ... 

-— 

— 

Beading       

Beading  Electric  Supply  Co. 

Working  ... 

160 

36 

(6)  Licenses. 

Pontjpool    

Pontypool  E.  L.  A  Power  Co. 

Waiting    ... 

_ 

— 

General  Webber  :  It  has  been  suggested,  Sir,  that  I  should 
ask  this  meeting  to  vote  you,  with  acclamation,  their  thanks  for 
the  interesting  and  excellent  Address  with  which  you  have 
favoured  us.  I  know  that  you  would  probably  prefer  that  we 
should  restrict  our  applause  to  the  minimum,  but  I  cannot  allow 
the  opportunity  now  afforded  me,  to  escape  without  asking 
the  meeting  to  remember  that  this  year  we  are  receiving  from 
you,  as  representative  of  that  great  femily  of  Siemens,  to  which 
Mr.  Preece  has  referred,  a  resume  of  subjects  with  the  develop- 
ment of  which  most  of  them  have  had  much  to  do.  You  have 
told  us  of  things  which  no  doubt  are  in  all  our  minds,  in  a  way 
in  which  we  have  rarely  heard  them  put  together  in  the  past. 

There  is  one  thing,  however,  which  gives  a  strong  personality, 
and  which  impresses  our  minds  after  hearing  your  Address — it  is 
one  which  comes  home  to  my  heart,  and  one  which  perhaps  many 
here  pres^it  are  not  aware  of :  we  have  had  from  you  the  address 
of  a  man  whose  character  has  been  formed,  and  whose  education 
was  commenced  in  early  life  in  the  army  of  the  greatest  nation 
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of  Europe.  In  that  army,  I  believe,  you  received  a  training 
whioh  I  consider  second  to  none.  Under  the  fire  of  the  enemy 
yon  had  imparted  to  you  that  strength  of  mind  and  purpose  that 
has  never  left  you  since  we  have  known  you  on  this  Council. 
And  for  your  distinguished  service  on  more  than  one  occasion, 
you  have  received  the  much-coveted  decoration  of  the  Iron  Gross* 
I  look  back  along  that  long  avenue  of  time,  lined  on  either  side 
with  well-remembered  faces  of  the  past  members  of  this  GounciL 
I  wish  to  remind  the  meeting  that  you  and  your  distinguished 
unde  are  not  the  only  representatives  of  your  family  to  whom  we 
owe  much,  but  that  another  name  is  still  held  in  high  esteem, 
especially  by  those  who  early  sat  on  this  side  of  the  table — I 
refer  to  Carl  Siemens.  To  him  also  are,  I  believe,  owing  many 
of  the  results  of  the  work  done  not  only  abroad,  but  also  by  that 
firm  of  which  you  are  now  the  head  on  this  side  the  North  Sea. 
It  would  have  been  a  great  pleasure  to  us  had  he  been  able  to 
have  been  here  to-night  to  hear  the  Address  of  his  able  nephew. 
If  you  have  not  referred  to  one  subject  which  comes  home  to 
some  of  us,  and  to  which  your  uncle,  William  Siemens,  gave  so 
much  attention,  it  has  been  no  doubt  for  want  of  space.  I  hope 
that  this  year  may  show  that  electrical  science  is  going  to  do 
something  for  that  industry  which  we  all  know  in  this  country 
is  nearly  "  stone-broke  ** — I  mean  agriculture.  Your  uncle  did 
much  in  the  initiative  for  encouraging  and  helping  horticulture 
through  the  aid  of  electricity,  and  we  hope  that  during  the  period 
of  your  year  of  office  there  may  be  something  done  in  that 
direction,  and  that  we  shall  hear  more  of  what  is  likely  to  be 
done  to  help  the  farmer,  whose  sad  condition  we  all  deplore.  I 
beg  to  move — ^^  That  the  thanks  of  the  Institution  be  given  to 
*^  the  President  for  the  admirable  and  very  interesting  Address 
^^  juBt  delivered  by  him,  and  that  he  be  requested  to  allow  ite 
^*  publication  in  the  Journal  of  the  Institution." 

Professor  H.  Bobinson  :  I  have  much  pleasure  in  seconding 
ttie  resolution  so  well  moved  by  General  Webber,  but  I  feel  con- 
fident that  it  requires  no  words  from  me  to  commend  it  to  the 
meeting.  I  know  that  all  who  have  heard  the  President's  Address 
will  say  that  it  is  of  deep  interest,  both  to  the  older  as  well  as  to 
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the  younger  members.  The  Address  is  stamped  with  a  broad 
view  of  the  requirements  of  the  case,  both  with  regard  to  the 
present  and  the  fatore ;  and  whilst  (dder  members  of  the  Institu- 
tion will  appreciate  the  scientific  and  practical  views  expressed 
by  the  President,  I  commend  it  very  strongly  to  the  attention 
of  the  younger  members,  particularly  with  reference  to  that  part 
that  deals  very  clearly  and  with  very  much  detail  with  what  is  of 
all  importance,  namely,  the  early  training  of  those  who  intend  to 
follow  our  profession.  I  am  satisfied  that  no  Address  has  been 
presented  to  the  profession  so  worthy  of  being  studied  carefully 
by  both  the  older  and  younger  members.  It  is  my  pleasure  to 
second  this  proposal  of  General  Webber. 

Mr.  Preece  :  I  have  great  pleasure  in  putting  this  resolution 
to  the  meeting,  and  I  hope  you  will  carry  it  by  acclamation. 

The  resolution  was  then  carried  unanimously  and  enthusi- 
astically. 

The  President:  Ladies  and  gentlemen, — I  can  only  tell  you 
that  I  am  extremely  pleased  with  the  kind  way  in  which  you 
have  received  this  Address,  and  shall  have  great  pleasure  in 
permitting  its  publication  in  the  Transactions ;  I  will  then  add 
that  table  to  which  I  have  alluded.  I  have  intentionally  in  the 
Address  spoken  on  general  practical  subjects,  not  going  into  any 
detail,  and  not  treating  them  from  a  scientific  point  of  view;  and 
I  am  very  much  gratified  that  I  seem  to  have  satisfied  you  by 
dealing  with  the  matter  in  this  way. 

I  have  to  report  that  the  scrutineers  declare  the  following 
candidates  to  have  been  duly  elected : — 

Foreign  Mepmbera: 


Prof.  Paulo  Benjamin  Cabral. 
Prof.  H.  S.  Carhart. 
Samuel  InsuU. 
F.  Jaynes. 


Dr.  Glaudiano  Luiz  Pinna. 
Arnold  von  Siemens. 
Wilhelm  von  Siemens. 
Carl  Albert  Unbehaun. 


Member: 
Lester  Bruce  Betts. 
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Associates: 


Robert  J.  Anderson. 
Albert  Barron. 
Francis  James  Blake. 
William  Boyd. 
Christopher  J.  Cummins. 
J.  Bimie  Evans. 
Eobert  Charles  Frewer. 
J.  K.  Gibson. 
Ernest  Alfred  Giles. 
Alfred  T.  Hailey. 
Alfred  John  Harrison. 
Clifford  Hawkes. 

Alfred  T 


Joseph  Alexander  Jeckell. 
Walter  C.  Lang. 
H.  A.  McCaasland. 
Herbert  Henry  Oswald. 
David  Paisley. 
Arthur  Portelli. 
William  Pearson  Richmond. 
Thomas  Rooke. 
Sydney  G.  C.  Russell. 
Arthur  Leighton  Stevens. 
Roland  H.  Streatfeild. 
Howard  George  Tozer. 
Warren. 


Students: 


Arthur  Anstruther-Thomson. 

Noel  Broomhall. 

Sidney  Phillips  Doudney. 

George  F.  Herron. 

David  Martin. 

Hugh  Bernard  Maxwell. 

Charles  Stanley  May. 


N.  B.  Rosher. 
Frank  John  Rynd. 
George  Swetenham. 
Charles  Percy  Taylor. 
Ralph  Waldo  Webster. 
George  Edward  Wright. 
R.  J.  C.  Wood. 


The  meeting  then  adjourned. 
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The  Two  Hundred  and  Fifty-eighth  Ordinary  General  Meeting 
of  the  Institution  was  held  at  the  Institution  of  Civil 
Engineers,  25,  Great  George  Street,  Westminster,  on  Thurs- 
day evening,  January  25th,.  1894 — ^Mr.  Alexander  Siemens, 
M.  Inst,  C.K  (President),  in  the  Chair. 

The  minutes  of  the  Ordinary  General  Meeting  of  January 
nth,  1894,  were  read  and  ^proved. 

The  names  of  new  candidates  for  election  into  the  Institution 
were  announced  and  ordered  to  be  suspended. 

The  following  transfers  were    announced    as    having    been 
approved  by  the  Council : — 

From  the  class  of  Associates  to  that  of  Members — 

Arthur  Bergtheil.  |        Edwd.  Alfred  Gimingham« 

Allan  Plucknett. 

From  the  class  of  Students  to  that  of  Associates- 
Herbert  Lewis. 


Herbert  J.  Allen. 
Oliver  Freeman. 


Sidney  B.  Roth. 


John  Addison  Bussell. 

The  Pkesident  announced  that  Mr.  Arnold  von  SiemeuB,  the 
eldest  son  of  the  late  Dr.  Werner  von  Siemens,  had  been 
appointed  Local  Honorary  Secretary  and  Treasurer  for  Germany.. 

Mr.  H.  K  Mitchell  and  Mr.  F.  V.  Andersen  were  appointed 
scrutineers  of  the  ballot  for  the  election  of  new  members. 

The  Presidert  t  I  now  have  much  pleasure  in  calling  upon 
Mr.  Preece  to  read  his  notes  on  a  trip  to  the  United  States  and 
to  Chicago  in  189&. 
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NOTES  OF  A  TRIP  TO   THE   UNITED   STATES   AND  TO 
CHICAGO— 1893. 

By  W.  H.  Preece,  C.B.,  F.R.S.,  Past-President. 

In  1877,  together  with  Mr.  H.  C.  Fischer,  I  made  an  official 
and  thorongh  inspection  of  the  telegraphic  system  of  the  United 
States  and  Canada,  and  the  lessons  of  that  jonmey  were  reported 
to  this  Institution  on  Febnugry  13th,  1878.  The  results  of  that 
trip  were  the  introduction  of  the  telephone,  the  practical  applica- 
tion of  quadruplex  working,  the  adoption  of  sound  reading  in  our 
telegraph  offices,  the  disappearance  of  the  Morse  recorder,  and 
the  more  general  assimilation  of  the  methods  of  working  in  the 
two  countries. 

In  1884,  as  a  member  of  the  British  Association,  I  again 
visited  Canada,  and  made  another  tour  through  the  States,  report- 
ing my  observations  to  the  Institution  on  December  11th,  1884. 
The  chief  result  of  this  second  trip  was  the  introduction  of  the 
multiplex  system  of  working  of  Mr.  Delany,  now  so  much  in 
use  amongst  us,  and  doing  splendid  service  with  many  of  our 
chief  towns ;  hezode  working,  six  messages  in  any  direction  are 
simultaneously  transmitted  between  London,  Brighton,  Bristol, 
Birmmgham,  and  other  commercial  centres.  The  telephone  was 
found  fully  developed,  and  firmly  rooted  as  an  invaluable  aid  in 
domestic  and  business  requirements.  The  electric  light  was 
making  great  advances,  especially  as  the  illuminant  of  public 
streets  and  ways,  to  the  great  advantage  and  safety  of  the  public, 
but  electric  railways  and  the  transmission  of  power  were  only  just 
looming  in  the  air  in  an  extremely  tentative  and  experimental 
stage. 

Now  I  am  able  to  report  another  tale  of  a  ten  weeks'  trip 

taken  in  August  and  September  last  over  much  the  same  groimd, 

but  with  two  pieces  de  riaiatcmce  thrown  in — a  visit  to  the  great 

**  World's  Fair,"  and  the  holding  of  an  Electrical  Congress  at 

Chicago. 

I. — ^Telegraphs. 

The  telegraphic  system  in  the  United  States  is  in  the  hands 

'O  great  private  telegraph  companies,  the  Western  Union 

^^^~        ph  Con^any  and  the  Postal  Telegraph  Company. 
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The  Western  Union  Telegraph  Company,  which  is  by  far  the  Mr.Pneee. 
larger  of  the  two,  is  a  gigantic  undertaking.  It  is  a  congerie 
of  at  least  500  other  companies  which  have  been  purchased, 
absorbed,  or  amalgamated  from  time  to  time;  and  it  is  also 
closely  connected  with  virtually  all  the  railways  in  the  States. 
This  connection  with  the  railway  companies  gives  it  a  very  pro- 
minent and  commanding  position  over  its  rival.  In  order  to 
show  the  progress  made  since  1884,  and  the  present  condition 
of  the  business,  I  give  the  following  table : — 


Particalwrs. 

1884. 

1893. 

Great  Britain, 
1892. 

Miles  of  poles  and  cables 

145,087 

189,936 

33,689 

MUes  of  wire      

450,671 

769,201 

207,231 

Offices      

18,761 

21,078 

8,537 

Messages 

42,076,226 

66,591,858 

72,302,556 

Capital     

$80,000,000 

$123,000,000 

£10,130,820 

Receipts 

$19,632,940 

$24,978,442 

£2,486,791 

£xpenses  ..•        •>.        «.. 

$18,022,504 

$17,482,405 

£2,470,839 

The  Postal  Telegraph  Company  is  a  very  much  smaller  concern. 
It  has  virtually  come  into  existence  since  my  previous  visit,  for 
when  I  was  last  in  the  States  it  had  just  commenced  its  opera- 
tions, and  it  only  possessed  1,500  miles  of  line  and  4,260  miles 
of  wires.  It  is  a  company  which  has  been  promoted,  not  so  much 
to  attack  the  Western  Union  Company,  as  was  the  case  with  all 
previous  competing  lines,  but  to  establish  a  collecting  company 
for  the  cable  business  which  is  in  the  hands  of  the  Commercial 
Cable  Company.  The  present  position  of  the  Postal  Telegraph 
Company  is  as  follows : — 

Miles  of  line         15,997 

Miles  of  wire         99,664 

Offices        2,664* 

Messages 9,335,291 

The  enterprise  in  telegraph  work  is  evident  at  once  on  landing 
in  New  York.    Every  passenger  on  landing  at  the  dock  stage  is 


*  Of  this  niiiDber,  860,  or  nearly  one-third,  are  sitaated  out  of  the  Stately  in 
Cbaada  and  diewhere. 
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approached  by  a  messenger  fix)m  one  or  both  companies,  soliciting 
messages ;  and  on  all  the  stages,  except  that  of  the  Cnnard  Com- 
pany, one  or  other  of  the  telegraph  companies  has  succeeded  in 
establishing  an  office.  The  business  done  at  these  offices  is  very 
great,  as,  when  facilities  are  thus  given  to  passengers  to  send 
messages,  nearly  everyone  wires  home  his  or  her  safe  arrival. 
This  enterprise  is  evident  everywhere.  The  blue  and  white  sign 
of  the  Western  Union  Company,  which  is  extremely  prominent, 
is  found  in  every  hotel,  at  all  railway  stations,  and  in  large  cities, 
and  is  as  abundant  as  the  Post  Office  sign  is  in  England.  At 
Long  Branch,  the  Brighton  of  New  York,  where  I  spent  two  or 
three  very  pleasant  days,  there  were  no  less  than  19  offices 
belonging  to  the  Western  Union  Company,  and  all  paying. 

There  were  20  offices  in  the  World's  Fair  alone,  and  70  hotels 
in  Chicago  have  Western  Union  offices  in  them. 

Competition  is  intense,  but  there  is  no  war  of  rates.  A 
general  tariff  has  been  agreed  upon,  and  the  only  rivalry  that 
exists  is  in  the  collection  and  transaction  of  business.  Dividend- 
earning  being  the  chief  end  aimed  at,  only  paying  commercial 
stations  are  properly  served.  Social  and  domestic  telegraphy  is 
practically  ignored,  and  sparsely  populated  districts  are  very 
inadequately  provided  for.  Hence  in  the  United  States  tele- 
graph business  is  neither  so  general  nor  so  cheap  as  it  is  with 
us.  The  average  price  received  per  message  is  15|d.,  as  against 
7*7d.  earned  by  us.  On  the  other  hand,  however,  it  must  be 
remembered  that  their  mean  distance  is  far  in  excess  of  ours. 

Conatrxiction  of  Liiiea. 

I  inspected  considerable  lengths  of  the  line  work  constructed 
by  each  company,  and  drove  over  many  miles  of  a  new  road  line 
passing  through  Connecticut. 

In  this  direction  American  electrical  engineers  have  been 
very  much  behind  us.  They  have  not  built  their  lines  so  solidly, 
nor  have  they  followed  true  engineering  principles  in  the  same 
way  that  we  have. 

As  a  rule,  their  old  lines  are  extremely  irregular,  being  badly 
constructed  with  poles  that  we  in  England  would  not  look  ail* 
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But  recently,  owing  to  the  difficulty  in  finding  fresh  routes,  the  Mr.pjcwoe. 
growth  of  the  number  of  the  wires,  and  to  the  absolute  necessity 
for  accuracy  of  workmanship  for  securing  silence  on  telephone 
lines,  great  improvements  have  been  made,  and  some  of  the 
trunk  lines  put  up  by  the  telephone  companies,  and  the  new 
trunk  line  put  up  by  the  Postal  Telegraph  Company,  will  com- 
pM-e  very  favourably  with  our  best  modes  of  construction. 

The  telephone  line  to  which  I  have  alluded  above  consists  of 
16  arms,  each  carrying  10  wires,  or  160  wires  in  all ;  the  poles 
are  60  feet  high,  and  are  placed  100  feet  apart  The  arms  are  of 
pine,  and  their  scantling  is  3^^  inches  by  4J  inches,  and  they  are 
10  feet  long.  Owing  to  the  use  of  wooden  pins  they  are  bored  with 
holes  li  inches  in  diameter.  This  weakens  the  arm,  and  I  observed 
two  instances  where  arms  were  broken.  A  6-foot  arm  bored  for 
four  insulators  costs  15  cents,  which  is  very  cheap  compared  with 
the  price  we  pay.  But  they  are  undoubtedly  weak,  and  not 
to  be  compared  with  the  oak  arms  that  we  use. 

As  a  rule,  the  poles  nimiber  40  to  the  mile.  They  are 
generally  of  cedar,  but  sometimes  of  chestnut.  The  cedar  poles 
come  from  Canada  and  Michigan.  Each  25-foot  cedar  pole  costs 
^.25,  and  is  said  to  last  15  years  without  preparation.  The 
chestnut  pole  is  a  little  cheaper,  and  it  lasts  only  10  years.  It 
is  extremely  irregular  in  shape. 

American  engineers  do  not  adopt  the  same  plan  that  we  adopt 
in  the  erection  of  arms.  They  are  fixed  any  way,  but  gwierally  on 
the  modem  lines  they  alternate  on  each  side  of  the  pole.  This  is 
done  under  the  impression  that  it  adds  strength  to  the  iine.  I 
do  not  know  why  it  should.  (We  invariably  fix  the  arms  on  that 
side  of  the  pole  facing  London.)  Every  fifth  pole  is  earthed  as  a 
protection  against  lightning.  (We  earth-wire  every  pole.) 
Stays  are  very  little  used  indeed,  but  on  new  lines  they  have 
longitudinal  stays  in  the  direction  of  the  wires,  one  end  being 
fixed  at  the  foot  of  one  pole,  and  the  other  end  at  the  top  of  the 
next  pole.  These  are  called  "  head  guys,"  and  are  frequent. 
Iron  poles  are  used  only  for  electric  railways.  These  are  very 
substantial,  and  look  very  well.  They  are  made  in  three  sections 
of  simple  iron  tubes,  either  6,  5,  and  4,  or  5,  4,  and  3  inches  iu 
diameter  respectively. 
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Kr.  Preeoe.  Pole  Toofs  are  not  used  as  with  us,  but  the  poles  are  tapered 
off  to  throw  off  the  rain. 

Neither  the  Western  Union  nor  the  Postal  Telegraph  Com- 
pany adopt  any  system  for  preparing  their  timber  to  resist  decay. 
My  attention  had  been  called  to  a  system  of  artificial  seasoning 
called  '^  wood  vulcanising/'  and  it  was  reported  that  this  system 
had  been  adopted  by  the  Western  Union  Company.  I  found  this 
was  not  true.  The  Western  Union  Company  had  experimentally 
tried  the  system  on  some  wooden  troughing,  employed  for  the 
protection  of  their  pneumatic  tubes  underground ;  but  the  process 
was  so  expensive,  and  the  advantages  so  doubtful,  that  they  do 
not  apply  it  to  their  poles  or  their  arms. 

Copper  wire  is  very  much  used  on  telegraph  and  telephone 
lines.  I  saw  in  the  Exhibition  at  Chicago  a  form  of  wire  called 
"  tempered  copper."  This  is  said  to  be  extremely  strong  and 
hard,  but  it  is  evidently  an  alloy  of  copper,  for  its  resistance  is 
high.  I  was  surprised  to  find  that  a  compound  wire  1.7  ohms 
resistance  per  mile,  put  up  by  the  Postal  Telegraph  Company  in 
1883,  is  still  in  use,  and  working  well.  Our  experience  of  the 
durability  of  this  wire  was  disastrous. 

Undergrov/nd  Work. 

Underground  Work  was  scarcely  started  in  the  States  in  1884, 
but  now,  owing  to  peremptory  legislation  on  the  part  of  the 
municipalities,  it  has  made  very  rapid  progress.  Underground 
work  in  the  cities  of  the  States  has  become  general,  with  great 
advantage  to  the  public,  and  also,  as  they  have  come  to  acknow- 
ledge, to  the  companies  themselves.  The  only  exception  to  this 
rule  that  I  heard  of  was  at  Boston,  where  complaint  was  made 
that  their  underground  system  had  been  much  disturbed  by 
"  wash-outs."  These  "  wash-outs  "  are  fireshets,  or  great  floods, 
tearing  up  the  line  and  carrying  away  the  pipes  and  wires. 

The  system  of  underground  work  adopted  by  the  telegraph 
companies  in  America  does  not  differ  much  firom  that  adopted  by 
us,  excepting  that  they  do  not  use  gutta-percha,  owing  to  its 
high  price.  They  are  using  very  largely  a  cable  similar  to  the 
Fowler-Waring  cables,  and  also  kerite-covered  wire.  Kerite  is  a 
form  of  vulcanised  india-rubber. 
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Offices.  Mr.Preece. 

Not  mnch  change  has  been  effected  in  the  mode  of  fitting 
np  offices.  Glass  of  the  best  quality  is  used  very  much  indeed : 
doors,  partitions,  boxes  for  the  collection  of  messages,  are  all 
made  of  thick  glass.  This  looks  very  clean  and  nice,  and  is 
certainly  effective. 

There  is  an  extremely  efficient  mode  of  collecting  and  dis- 
tributing messages  in  the  Western  Union  offices  at  New  York  and 
Chicago.  Endless  cords  are  kept  in  motion  by  means  of  small 
electric  motors,  and  these  cords  transport  small  metal  carriers 
somewhat  similar  to  those  we  use  in  our  pneumatic  tubes. 
Before  leaving  New  York  I  saw  an  improvement  on  this  by  which 
messages  can  be  picked  up  as  by  the  finger  and  thumb  from  the 
desk  in  firont  of  each  operator.  They  also  have  in  use  a  system 
by  which  messages,  envelopes,  slips,  &c.,  are  conveyed  by  broad 
continuous  leather  belts,  8  inches  wide,  kept  in  rapid  motion  by 
motors,  and  upon  which  the  messages,  &c.,  are  laid,  and  carried 
to  the  point  desired. 

Each  company  has  adopted  a  uniform  and  pretty-looking  box 
for  its  office  in  the  hotels.  American  hotels  differ  fix>m  ours  in 
this :  The  hall  of  an  hotel  is  usually  open  to  the  public,  and  no 
hotel  that  I  entered  was  unfurnished  with  a  telegraph  office.  I 
have  mentioned  that  there  were  70  hotel  offices  in  Chicago. 
In  fadj  hotel  proprietors  court  the  presence  of  a  telegraph  office. 
Space  is  usually  accorded  firee,  and  board  is  also  provided  for  the 
operator.  In  some  places,  like  the  "Palmer  House"  Hotel  at 
Chicago,  which  is  a  great  business  centre,  a  very  high  rent  is 
demanded ;  but,  generally  speaking,  no  rent  at  all  is  paid.  At  the 
hotel  I  stayed  at  in  Chicago—"  The  Lexington  " — each  company 
had  an  office  in  the  hall ;  the  rivalry  that  exists  between  the  two 
companies  taking  the  form  of  each  striving  to  work  with  the 
louder  sounder.  The  louder  was  that  of  the  Postal  Telegraph 
0>mpany,  and  when  I  asked  the  operator  why  he  allowed  his 
instrument  to  make  such  a  row,  he  replied,  "  We  must  beat  the 
**  Western  Union  Company  anyhow." 

At  Fort  Sheridan,  a  military  station  about  20  miles  away  firom 
Chicago,  the  Western  Union  Company  opened  an  office,  although 
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Me.p«foe  the  place  contained  only  1,000  soldiers.  The  office  was  worked 
by  the  soldiers,  and  I  wad  assured  by  the  company  that  they 
found  it  pay  well. 

The  common  system  in  the  States  is  to  tile  the  floors  of  thdir 
telegraph  galleries,  and  not  to  board  them.  Fireproof  channels, 
or  conduits  fitted  with  slate  tops,  are  arranged  about  the  office  for 
the  distribution  of  the  wires.  Lockers  for  coats  and  hats  are 
roomy  and  well  made,  and  ample  in  the  supply.  At  Chicago 
they  are  of  open  ironwork,  very  neatly  made,  6  feet  6  inches  high, 
and  28  inches  by  8  inches  in  sectional  area.  Four  men,  each 
of  whom  is  supplied  with  a  key,  use  such  a  locker.  Great 
advantage  is  said  to  arise  from  the  use  of  these  open  lockers  in 
wet  weather,  and  they  are  worth  our  own  consideration. 

The  use  of  bicycles  for  messengers  is  very  prevalent  in  the 
States. 

Batteries  at  all  the  principal  offices  in  the  United  States  are 
gradually  disappearing.  The  current  for  working  the  circuits  is 
being  supplied  from  dynamos,  or  from  the  electric  lighting  mains. 
In  New  York  from  30,000  to  40,000  cells  have  been  replaced  by 
dynamos.  At  Boston  10,000  cells,  which  cost  probably  £4,000 
per  annum  to  maintain,  have  been  replaced  by  current  derived 
from  the  electric  light  mains  at  a  cost  of  £600  a  year.  It  most 
be  remembered  that  the  American  telegraph  circuits  are  worked 
entirely  on  the  closed-circuit  system.  They  use  immense  cells» 
and  their  cost  of  maintenance  is  excessive.  We  cannot  compare 
their  system  with  ours  in  this  respect,  for  we  use  open  circuits  ;. 
and  the  maintenance  of  our  batteries  is  certainly,  cell  for  cell,, 
not  more  than  one-fourth  or  one-fifth  that  of  the  United  States* 
form  of  battery. 

In  New  York  the  Western  Union  Company  have  «  special, 
plant  of  51  small  dynamos.  In  Chicago  they  have  46.  The- 
Postal  Telegraph  Company  in  New  York  are  also  using  dynamos, 
and  in  their  new  station  which  is  being  built  they  are  supplying 
what  they  believe  to  be  an  improvement  on  the  system  adopted 
by  the  Western  Union  Company. 

We  have  shown  in  England  that  the  use  of  dynamos^ 
owing  to  the  variation  of  current,  is  not  suitable  for  high-speed. 
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working,  and  I  much  prefer  the  plan  that  we  have  adopted  with 
so  much  success  in  working  our  Continental  circuits — aameljr, 
the  use  of  accumulators.  Accumulators  have  an  immense 
advantage  over  dynamos :  they  store  up  energy,  so  that  in  the 
event  of  any  accident  or  breakdown  of  machinery  the  accumu* 
lator  maintains  the  circuits  working.  The  accumulator  is 
not  in  motion.  There  is  no  machinery  to  fail  or  to  break. 
There  is  nothing  to  stop,  and  little  to  get  out  of  order.  But 
the  chief  advantage  of  the  accumulator  is  the  absolute 
steadiness  of  its  voltage.  There  is  also  economy  in  capital 
expenditure,  and  I  am  quite  convinced  that  the  Western 
Union  Company  in  New  York  would  have  effected  considerable 
economy  if  they  had  used  accumulators  charged  by  the  electric 
lighting  plant,  instead  of  supplying  the  elaborate  series  of 
engines  and  dynamos  now  working  their  circuits  direct. 

At  Boston  and  other  stations  a  very  well  made  and  wdl 
designed  motor-dynamo  is  supplied  by  Messrs.  Crocker- Wheeler. 
They  are  primarily  motors  worked  on  the  110-volt  electric 
lighting  service,  driving  a  small  dynamo,  and  they  transform  this 
down  to  a  voltage  which  will  charge  any  number  of  cells  required. 
This  system  is  in  use  by  all  the  telephone  companies,  and,  as  I 
will  point  out  when  speaking  of  telephones,  the  service  is  much 
improved  by  the  use  of  accumulators  thus  charged. 

A'pparatvs. 

I  observed  little  or  no  progress  in  the  form  ot  apparatus  used. 
In  neither  company  has  there  been  any  advance  made  on  the 
systems  in  use  in  1884.  Duplex  and  quadruplex  working  ai^ 
principally  relied  upon,  while  on  the  long-distance  lines  Wheat- 
stone  working  is  gaining  ground,  and  being  much  more  used. 
The  only  novel  mode  of  working  that  was  brought  to  my  atten- 
ti<ni  was  a  system  of  working  cables  automatically.  This  system 
has  been  threshed  out  by  Mr.  Wilmot  at  Waterville,  and  adopted 
by  the  Commercial  Cable  Company,  but  it  has  been  very  much 
improved  bjmml  by  Mr.  Del^ny,  the  inventor  of  our  multiplex 
system. 

Typewriters  have  become  qoite  common.     The  rule  is  for  an 
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jfr.Pnaet.  Operator  to  have  his  own  machine.  The  Postal  Telegraph 
Company  use  this  system  more  than  the  Western  Union 
Company.  The  latter  company  employ  it  invariably  for  their 
Wheatstone  and  other  news  circuits,  but  the  Postal  Telegraph 
Company  use  it  very  largely  on  all  circuits;  and  I  watched 
many  operators  taking  off  messages  by  ear  and  typeprintinfi^ 
them  at  the  same  time,  and  in  all  cases  the  typewriting 
machine  held  the  sounder  well  in  hand  as  regards  speed. 

The  working  of  the  Wheatstone  system  between  New  York 
and  Chicago  is  admirable.  The  grand  total  of  messages  handled 
in  one  day  on  this  circuit  is  certainly  astonishing.  4,211 
messages  have  been  passed  between  these  two  places  on  one 
circuit  in  a  day — a  number  that  we  can  scarcely  hope  to  rival. 

The  reason*  for  this  is  not  the  greater  speed  at  which  the 
apparatus  is  worked — ^for  the  speed  is  less  than  ours — but  to  the 
&ct  that  the  business  day  in  the  United  States  extends  over  a 
much  greater  number  of  hours  than  with  us.  The  business  day 
in  New  York  commences  three  hours  before  that  in  San  Francisco, 
and  the  business  day  in  San  Francisco  extends  for  three  hours 
beyond  the  business  day  in  New  York.  Hence  the  business  day, 
which  in  England  scarcely  extends  telegraphically  to  four  hours, 
in  the  United  States  extends  probably  to  12  hours.  Thus  the 
nnmber  of  messages  handled  is  much  greater  per  day  than  with  us. 

The  advantage  of  Wheatstone  working  to  the  company  was 
illustrated  while  I  was  there.  On  August  29th  a  cyclone  in  the 
eastern  part  of  the  States  prostrated  the  poles  and  wires  for 
miles  throughout  half  a  dozen  States.  Three  Wheatstone  circuits 
were  maintained  working — and  working  badly  ^between  Chicago 
and  New  York  by  means  of  repeaters  at  Buffalo  and  Pittsburg, 
but  on  these  three  circuits  8,693  messages  were  handled.  This 
was  the  only  means  of  telegraphic  communication  between  the 
Eastern  and  the  Western  States.  Curiously  enough,  the  new  and 
strong  long-distance  telephone  line  was  not  broken  down. 

On  August  18th,  while  I  was  there,  I  took  down  as  having 
been  sent  between  8  a.m.  and  5.30  p.m. — ^forwarded,  1,272; 
received,  1,889.  This  work  was  handled  on  two  circuits,  with  an 
average  speed  of  190  words  per  minute. 
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The  Wheatstone  system  in  the  States  is  much  more  extensive  Mr.Prceoc 
in  the  West  than  in  the  East.    It  is  giving  such  good  service 
that  it  will  probably  receive  considerable  additions  this  year. 

It  must  be  remembered  that  between  Chicago  and  San 
Francisco  we  are  dealing  with  a  distance  of  2,500  miles,  and 
on  this  circuit  they  were  working  when  I  was  there  at  the  rate 
of  110  words  per  minute. 

I  observed  a  very  high  rate  of  working  on   some   of  the 
quadruplex  circuits.    I  took  down  these  figures  at  Boston — 
Forwarded           ...         ..«         •••        686 
Received 521 

This  was  an  ordinary  day's  work.  On  another  circuit,  between 
8.30  a.m.  and  11.30  a.m.,  in  Buffalo,  the  numbers  were— 

Forwarded  126 

Eeceived 140 

On  one  side  of  the  quadruplex  only. 

I  noticed  at  the  Chicago  Exhibition,  in  the  French  exhibit,  a 
new  adaptation  of  multiplex  working  by  Mens.  Mercadier,  who 
showed  in  operation  12  working  sides.  But  the  working,  although 
interesting,  was  poor.  The  reading  was  done  by  telephone,  and 
each  branch  was  selected  by  the  sounding  of  a  particular  note. 
The  apparatus  is  not  yet  in  anything  approaching  a  practical 
stage,  but  for  short  lines  something  may  some  day  come  out 
of  it. 

Pnevimiatic   Tvbea. 

The  Western  Union  Company  have  not  extended  their  system 
of  pneumatic  tubes  greatly  since  my  last  visit.  The  Postal 
Telegraph  Company  are  about  to  use  pneumatic  tubes  for  the 
distribution  of  their  internal  work  in  their  new  building  on  a  plan 
somewhat  similar  to  that  which  we  use  at  our  central  station. 

The  only  novelty  in  pneumatic  tubes  that  I  saw  was  that  on 
trial  between  the  Post  Office  at  Philadelphia  and  a  sub-office  in 
Chestnut  Street.  This  is  a  line  of  two  pipes  6^  inches  in 
diameter  and  5,792  feet  in  total  length — that  is,  a  distance 
between  the  two  offices  of  2,896  feet.  The  carriers  are  metal 
cylinders  whose  inside  dimensions  are  16  inches  long  and  54  inches 
in  diameter.  They  weigh  6  lbs.  each,  and  carry  120  letters.  The 
VOL.  xxui.  4 
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Mil  BitDGtk  carrying  capacity  of  thie  line  is  said  to  be  180,000  letters  per  hour^ 
but  I  think  thiB  is  exaggerated ;  the  time  taken  by  a  carrier  in 
transit  is  55  seconds,  and  the  air  pressure  is  maintained  at  7  lbs. 
per  square  inch. 

The  line  has  been  working  since  February  17th,  and  it  baa 
been  used  for  the  transmission  of  letters,  the  whole  service  to  this 
particular  sub-office  being  done  through  the  pipe. 

The  pipe  is  continuous,  and  a  current  of  air  is  constantly 
flowing  through  it.  Twenty-five  horse-power  is  absorbed  in  main- 
taining this  current  at  the  pressure  required,  and  the  carriers  are 
said  to  move  at  the  rate  of  40  miles  an  hour.  Twenty-five 
earners  are  in  use. 

Unfortunately,  while  I  was  there  the  tube  was  out  of  use,  for 
the  boilers  had  broken  down.  These  boilers  belong  to  the 
Post  Office  Administration,  and  were  not  under  the  control  of  the 
contractors  who  are  carrying  out  the  experiment. 

It  is  merely  an  experiment,  but  it  is  an  experiment  that  has 
been  carried  out  in  a  very  practical  manner,  and  they  are 
threshing  out  a  question  that  may  be  of  importance. 

They  find  that  the  tube  used  is  too  small  for  their  purpoies^ 
and  they  are  going  to  use  in  future  an  8-inch  tube. 

DiatribiUion  of  Time. 

A  feature  of  considerable  interest  and  novelty  is  the  distribution 
of  time  by  the  Western  Union  Company.  Correct  time  is  received 
every  day  at  noon  from  Washington.  The  time  current  lasts 
one  second.  Time  balls  are  dropped  at  Boston,  Newport,  Woods* 
Holl,  New  York,  Philadelphia,  Baltimore,  Washington,  Fortress 
Monroe,  Savannah,  New  Orleans,  and  Havanna.  This  current  is 
also  distributed  by  the  Western  Union  Company  to  subscribers  in 
the  principal  centres.  In  New  York  there  are  1,100  subscribers, 
in  Chicago  there  are  1,837,  while  in  the  whole  of  the  Western 
District  of  the  company  there  are  7,963  subscribers.  Each  of 
these  subscribers  has  a  special  wire  upon  which  the  time  currents 
are  sent  from  a  master  or  a  controlling  clock.  The  Western 
Union  Company  also  furnish  synchronous  self-winding  clocks  to 
the  subscribers,  which  are  controlled  and  regulated  daily  by  these 
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tim^flignal  currents.    They  are  wound  by  current  automatically  m. 
evwy  hour. 

The  rates  for  this  service  are  not  excessive.  Each  subscriber 
is  charged  |2^  per  month,  while  large  buildings  using  five  or 
more  clocks  get  the  time  signal  supplied  at  Sl^  per  clock  per 
month. 

The  standard  time  adopted  in  1883  is  virtually  Greenwich 
time.  It  is  divided  into  four  sections.  The  following  table  will 
show  how  far  these  differ  from  G-reenwich  mean  time  and  from 
each  other : — 


W.  Long. 

Centre. 

ActoalTime. 

Name  adopted. 

OP 

Navigators'  time  (Greenwich) 

Noon 

Greenwich  time. 

75^ 

Washington  Meridian 

7  a.m. 

Eastern  time. 

90° 

Chicago  Meridian      ... 

6  a.m. 

Central  time. 

106^ 

Denrer  Meridian 

5a.ra. 

Mountain  time. 

120° 

San  Francisco 

4  a.m. 

Pacific  time. 

1 

Thus  the  minutes  a.nd  the  seconds  are  the  same  as  with  us. 
There  is  no  necessity  to  alter  one's  watch. 

Hefner  von  Alteneck  proposes  to  place  clocks  in  the  circuit  of 
an  ordinary  glow  lamp,  and  to  wind  and  control  them  by  a  slight 
change  in  the  current  made  at  the  central  station  once  a  day.  It 
is  surprising  what  can  be  done  by  electricity  when  it  is  laid  on  in 
a  house  and  served  from  a  central  station. 

Yon  Alteneck's  system  was  exhibited  at  the  World's  Fair. 


CanchiaionB. 

It  is  quite  impossible  to  inspect  the  telegraph  system  of  the 
United  States  and  compare  it  with  our  own  system  without 
drawing  comparisons  between  the  way  in  which  the  work  is  done 
in  the  two  countries.  The  result  of  my  previous  visit  was  to 
confirm  my  view  that  we  do  our  work  better  in  England  than 
they  do  in  the  States.  Our  apparatus  is  better,  our  speed  is 
higher.  Messages  are  handled  with  greater  reliability.  A  mes- 
sage can  be  sent  and  its  reply  received  with  certainty  in  an  hour 
in  England*    I  fancy  such  rapidity  would  astonish  the  users  of 
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Mr.Pwcie.  the  telegraph  in  the  States,  except  those  in  such  busy  centres  as 
New  York  and  Chicago,  and  generally  the  speculative  branches  of 
the  community. 

The  domestic  telegram  scarcely  seems  to  have  reached  the 
United  States,  and  this  is  owing,  probably,  to  the  &ct  that  the 
districts  of  private  residences,  the  small  towns,  and  the  villages 
.  do  not  possess  telegraph  offices,  unless  they  are  supplied  by  the 
railway  company  at  the  railway  station,  or  by  the  Western  Union 
Company,  who  do  the  work  for  the  railway  company. 

I  £etil  to  see  any  superiority  in  the  manipulation  skill  of 
American  operators.  They  certainly  have  not  made  the  same 
advance  in  technical  education  that  we  have,  and  altogether  it 
may  be  said  that  the  management  of  the  telegraphs  in  the  States 
in  the  hands  of  private  enterprise  does  not  compare  favourably 
with  the  management  of  the  telegraphs  by  the  State  at  home. 
At  the  same  time,  it  must  not  be  assumed,  because  the  Govern- 
ment have  advantageously  taken  the  telegraphs  in  hand  at 
home,  that  such  a  process  would  be  possible  in  the  States.  In 
my  opinion,  it  would  be  absolutely  impossible.  The  Civil  Service 
of  the  States  is  in  a  very  chaotic  condition.  The  principal 
appointments  are  four-year  appointments  only,  and  are  filled 
politically.  The  principal  postmasters  come  in  and  go  out  with 
each  new  President.  We  in  England  scarcely  consider  that  a 
postmaster  is  fit  to  be  a  postmaster  until  he  has  had  many  years' 
experience  of  the  working  of  the  Post  Office  system.  In  the 
States  a  man  is  made  a  postmaster  because  he  has  been  a  political 
supporter.  At  one  or  two  offices  I  found  the  new  Post  Office 
officials  absolutely  ignorant  of  simple  facts  they  ought  to  have 
had  at  their  fingers'  ends.  A  business  like  that  of  telephones  or 
telegraphs  can  only  be  conducted  properly  by  those  who  possess 
a  considerable  amount  of  enterprise,  and  who  look  primarily  to 
the  necessities  of  the  community.  The  reason  why  our  post 
offices  and  our  telegraph  offices  at  home  work  so  well  is  because 
the  public  exercises  such  a  useful  and  such  a  determined  super- 
vision over  the  work.  The  free  opening  of  the  Press  to  complaints ; 
the  criticisms  ta  which  the  public  service  is  subjected ;  the 
readiness  with  which  members  of  the  House  of  Commons  ask 
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questions — ^though  at  times,  perhaps,  irritating  and  vexatious — Mr.Preeoe: 
are  undoubtedly  good  for  the  service,  for  they  keep  us  all  alive. 
Such  a  state  of  affairs  is  impossible  in  the  States. 

The  G-ovemment  of  the  United  States  must  first  reform  its 
Civil  Service,  and  when  it  gats  officials  into  the  service  whose 
tenure  of  office  is  secure,  and  whose  zeal  is  as  unquestioned  as  it 
is  in  England,  then  there  will  be  some  chance  of  their  Govern- 
ment acquiring  the  telegraphs ;  but  imder  existing  circumstances 
the  acquisition  of  the  telegraphs  by  the  Government  of  the 
United  States  would  amount  virtually  to  the  deterioration  of  the 
service.  The  commercial  management  is  at  present,  as  I  have 
pointed  out,  characterised  by  great  energy.  I  do  not,  however, 
acknowledge  that  they  show  greater  energy  than  we  do  in 
England.  Competition  may  make  it  more  conspicuous,  but  it  is 
not  more  reaching.  Our  speculative  business,  stocks  and  racing, 
is  done  as  well  as  theirs. 

The  telegraph  management  at  home  is  characterised  in  all 
particulars  with  similar  energy  to  that  which  I  observed  in  the 
States ;  and  I  come  back  without  any  views  or  wrinkles  which  I 
think  could  be  impressed  with  advantage  on  the  commercial  or 
technical  management  of  our  system  at  home,  unless  it  be  the 
encouragement  of  offices  in  hotels,  for  it  is  found  everywhere  that 
a  telegraph  office  at  one's  door  prompts  the  desire  or  want  to 
telegraph. 

The  capital  of  the  Western  Union  Telegraph  Company  was 
in  1877  $22,000,000;  that  of  the  British  Post  Office  was 
£10,000,000.  The  capital  of  the  former  is  now  $123,000,000, 
while  that  of  the  latter  remains  virtually  the  same.  Scarcely  a 
single  vestige  of  the  old  telegraph  companies'  systems  purchased 
by  the  State  in  this  country  now  remains.  Whence,  there- 
fore, this  splendid  system  of  cables,  undergroimd  lines,  and 
new  pole  lines  in  this  country,  spreading  everywhere,  and 
transacting  an  annual  business  of  £2,500,000,  instead  of  the 
£600,000  handed  over  to  us?  It  has  all  been  paid  for 
out  of  revenue !    The  Government  keeps  no  capital  accoimt. 

How  do  we  do  our  work  ?  The  proof  of  the  pudding  is  in 
the  eating  thereof.    The  criterion  of  telegraph-working  is  rapid 
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^'■•^'**^  despatch.  "Time  is  our  -only  eompetitor,"  said  Dr.  Norvin 
Green.  The  time  occupied  in  its  transit  from  the  bands  of 
the  sender  to  those  of  the  receiver  is  the  pudding.  The  whole 
of  the  messages  arriving  in  Newcastle  on  the  morning  of  January 
20th  were  examined  and  analysed.  The  mean  time  of  transit 
from  all  parts  of  the  United  Kingdom  averaged  7*8  min.  A 
similar  examination  at  Glasgow  on  January  15th  gave  a  mean 
result  of  8*7  min.  This  cannot  be  beaten,  imd  it  certainly  will 
not  be  believed.  The  late  Mr.  Patey  was  once  asked  why  express 
telegraph  service  at  higher  rates  was  not  introduced  in  England* 
His  answer  was, "  All  our  messages  are  express  ahready.'^ 


XL — Telephones. 

The  business  of  telephony  in  the  United  States  has  made 
gigantic  strides  since  I  visited  that  country  in  1884.  The 
following  table  will  show  the  position  of  the  industry  then  and 


now: — 


1884. 

ISWCJuoaryltt). 

Miles  of  wire 

116,256 

440,793 

•  Miles  of  underground  wire      

Nil 

191,463 

Telephones  in  use         

826,574 

552,720» 

Telephone  subscribers 

128,626 

282,140 

Number  of  connections  between  sub-  *> 

215  millions 

600  roiUions  (est.) 

Telephone  ezchangts    

1,32$ 

1.851 

1  Staff  employed 

4,762 

0,970 

It  will  be  seen  that  there  is  a  very  small  increase  in  the 
number  of  exchanges  opened.  This  is  owing  to  the  fact  that 
hitherto  there  has  been  a  tendency  to  centralise  the  exchange 
work;  and  while  many  exchanges  have  been  abandoned,  the  small 
increase  is  due  to  the  fact  that  many  new  exchanges  have  been 
opened. 

*  This  is  the  total  number  of  transmitters  and  receiTerB.  According  to  onr 
system  of  reckoning,  where  the  two  together  are  considered  as  one  instrument,  the 
number  given  should  be  divided  by  two.  Thus  for  comparative  purposes  it  jdaj 
be  said  that  the  United  States  has  276,860  telephones  in  use. 
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It  wiU  idso  be  noticed  that  in  the  States  they  have  gone  in  Mr. 
very  largely  for  undergronnd  work.  This  has  been  forced  upon 
them  by  mnnicipal  action.  In  addition  to  this,  the  companies 
themselves  have  been  compelled  by  the  indifferent  working  of 
their  systems  to  iiall  back  upon  the  metallic  circuit,  and  now 
th^re  are  28,053  metallic  circuits  in  use.  In  New  York  62  per 
cent,  of  the  circuits  are  metallic,  in  Buffalo  77*84  per  cent.,  in 
Boston  over  50  per  cent.,  in  Chicago  20  per  cent.,  and  in 
Brooklyn  60  per  cent. 

The  business  of  telephony  ia  the  United  States  is  a  gigantic 
monopoly  in  the  hands  of  the  American  Bell  Telephone  Company, 
whose  headquarters  are  at  Boston.  This  company  owns  more 
than  one-half  the  stock  in  every  telephone  company  in  the  States* 
It  holds  itself  the  whole  of  the  stock  of  what  is  commonly  known 
as  the  Long-Distance  Telephone  Company,  but  which  is  really 
entitled  the  American  Telephone  and  Telegraph  Company,  and 
thus  by  having  ecmtrol  of  the  stock  in  every  company  it  |nain- 
tains  the  power  and  monopoly.  The  advantage  of  this  monopoly 
is  the  establishment  of  a  uniformity  of  working  and  practice  that 
is  highly  and  extremely  beneficial.  The  form  of  apparatus  used, 
the  mod^  of  working,  the  details  of  conrtruction,  and  all  the 
methods  in  use  are  dictated  from  Boston.  The  result  is  little  or 
no  friction  ;  and  while  each  independent  company  is  self-minaged 
and  self-contained,  nevertheless  it  is  subsenuent  to  the  direction 
and  control  of  headquarters  at  Boston.  There  is  no  divided 
re^onsibility  in  the  United  States.  Every  town  has  but  one 
system.  The  result  is  that  the  service  is  thoroughly  and 
perfectly  performed*  In  those  parts  of  the  country  where 
metallic  circuits  have  not  yet  been  adopted  there  may  be  defects 
in  working,  but  these  are  rapidly  being  renM)ved,  for  the  benefit 
derived  from  metal]ic-<drcuit  working  is  being  felt  everywhere 
in  the  United  States. 

Exchaaigee. 
The  modes  of  working  may  be  divided  into  three  classes — 
(a)  That  dealing  with  local  subscribers  alone  working  upon 
a  single  exchange ; 
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(6)  That  dealing  with  trunk  working  between  exchanges  in 

one  town  or  district ;  and 
(c)  That  dealing  with  long-distance  speakings  such  as  that 

between    New  York    and    Boston,  New   York    and 

Philadelphia,  New  York  and  Chicago. 

I  visited  three  exchanges  at  Chicago,  one  at  BuffiJo,  one  at 
Boston,  and  three  in  New  York,  and  I  looked  very  thoroughly 
into  the  working  of  each  system.  While  I  did  not  think  that 
any  of  their  local  working  is  done  any  better  than,  if  as  well  as, 
the  local  working  on  our  own  exchange  at  Newcastle-on-Tyne, 
there  is  no  doubt  that  in  their  trunk  working,  both  for  inter- 
exchange  communication  and  for  long-distanc^  working,  they 
are  far  ahead  of  us  in  England. 

The  prevailing  switch  in  the  United  States  is  the  multiple 
board,  made  by  the  Western  Electric  Manufacturing  Company* 
The  largest  board  in  the  world  is  one  which  I  carefully  examined 
at  the  Cortlandt  Street  Central  Exchange  in  New  York.  It  has  a 
capacity  for  6,000  subscribers ;  it  is  263  feet  long,  and  is  divided 
into  40  sections.  One  operator  handles  60  subscribers.  There 
are  260,000  holes,  or  "jacks,"  as  they  are  called  in  the  States; 
while  in  fitting  up  this  switch  780,000  soldered  joints  were  made. 

It  is  found  in  the  States  that  multiple  boards  can  become 
too  large,  too  unwieldy,  and  they  introduce  troubles  of  their 
own  that  have  to  be  remedied.  These  defects  are  aggravated 
when  there  are  several  exchanges  in  the  same  city.  In  Chicago 
Main  Exchange  25  per  cent,  of  the  business,  in  Harrison  Street 
Exchange  94  per  cent.,  is  trunked  out.  The  average  trunking  is 
50  per  cent.  A  multiple  board  is,  therefore,  useful  for  only 
50  per  cent,  of  the  work  done.  It  should  be  explained  here  that 
the  term  "  trunk  "  is  adopted  in  America  to  indicate  connections 
eJBfected  between  one  exchange  and  another  within  the  same  area. 
Connections  between  town  and  town  are  designated  ^Mong- 
" distance"  connections.  The  tendency  is  to  depart  from  the 
principle  of  the  multiple  switch ;  and  an  extremely  interesting 
experiment  is  being  carried  out  simultaneously  in  Chicago, 
Buffalo,  and  New  York  to  determine  the  merits  of  a  new  system 
of  working  called  the  "  divided  board."    The  divided  board  means 
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this :  There  are  two  boards,  the  one  called  the  answering  board,  Mr.  Pwece. 
and  the  other  the  connedi/n/g  board.  The  answering  board 
contains  the  indicators  and  trunks,  including  those  to  the 
connecting  board,  and  all  local  connections  are  treated  as  trunks 
through  the  connecting  board.  Thus,  while  each  operator  at  the 
answering  board  attends  to  and  answers  only  her  60  subscribers, 
and  is  able  still  to  control  all  the  trunk  wires,  the  local  spring 
jacks  are  duplicated  on  the  connecting  board,  which  may  contain 
one,  two,  or  three  complete  sections,  as  the  case  may  be,  and  are 
attended  to  by  separate  operators.  All  the  business  is  thus 
trunked.  The  result  is  that  the  service  performed  for  the 
subscribers  for  local  connections  is  slightly  retarded.  On  the 
other  hand,  the  work  done  on  the  trunks  is  equally  expedited. 
If  50  per  cent,  of  the  work  done  in  the  Central  Exchange  is  trunk 
work,  it  is  argued  that,  if  subscribers  find  that  one-half  of  their 
work  is  expedited  and  the  other  retarded,  the  expediting  of  the 
more  important  part  will  compensate  for  the  retardation  of  the 
less  important,  and  the  general  result  will  be  beneficial. 

The  chief  merit  of  the  divided  board  is  that  it  reduces  the 
**  jacks,"*  as  the  switch-holes  are  called.  Seven  sections  of  board 
with  42,000  jacks  would  replace  40  sections  with  240,000  jacks  in 
an  exchange  of  6,000  subscribers.  I  find  opinion,  however, 
divided  upon  this  question;  but  the  view  is  very  general  that 
when  the  multiple  switch-board  exceeds  a  capacity  of  2,500 
subscribers  it  certainly  introduces  disadvantages  and  defects 
which  must  in  some  way  or  other  be  remedied^ 

Trunk  Working. 

The  trunk  working  is  wonderfully  well  done.  In  the  first 
place,  the  connections  between  the  diJBferent  exchanges  are  very 
numerous.  In  the  Central  Exchange  at  Chicago  there  are  344 
outgoing  and  325  incoming  trunks.  There  are  11  exchanges, 
and  these  exchanges  are  located  as  nearly  as  possible  in  the 
centres  of  the  districts  which  they  are  designed  to  serve.  The 
business  of  these  offices,  however,  is  by  no  means  self-contained, 
and  a  very  great  amount  of  their  work  is  in  handling  calls  from 
subscribers  in  one  exchange  to  subscribers  in  another.    These  are 
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now  handled  by  means  of  954  trunk  circuits  extending  between 
the  various  offices ;  the  total  number  outgoing  from  each  office 
being  as  foUows : — 


Main 

..     344 

Oakland    ««• 

»•« 

66 

North 

34 

Lake  View 

,. 

26 

South 

..       77 

Harrison  ••• 

,, 

59 

West 

..       74 

Wentworth 

, , 

19 

Canal 

..       C3 

Worid'sFair 

•  •• 

80 

Yards        ... 

L 1 1. Xl__ 

..       61 

oix_i.« J  nn- ■   X 

T^— 

-I 

In  Boston^  between  their  Central  Station  and  Tremont  Exchange— 
an  exchange  of  833  subscribers — there  are  27  outgoing  and  33 
incoming  trunks. 

The  service  between  two  exchanges  is  virtually  a  silent  one. 
No  question  is  asked,  but  instructions  are  given  simply — **  301  on 
"  North  273."  This  is  spoken  on  a  (fttU  circuit.  The  trunk 
operator — always  a  male — ^wears  a  headgear  telephone,  receives 
this  instruction,  and  carries  it  out  without  a  word  being  said,  or  a 
second  lost. 

In  some  places  the  subscriber,  if  he  wants  a  subscriber  on 
another  exchange,  calls  his  own  exchange  as  usual,  and,  on 
getting  attention,  says,  '^Trembnt."  He  is  then  placed  in 
connection  with  the  Tremont  Exchange,  and  he  himself  asks  for 
the  number  he  wants.  The  former  plan  is,  however,  the  more 
general  one,  and  that  which  is  preferred. 

There  are  always  so  many  trunk  wires  available  that  the 
operator  has  rarely  to  say,  **  Wires  engaged,"  or  **  Busy,"  which  is 
the  common  expression.  I  never  saw  one  case  of  the  kind 
myself.  The  hourly  maximum  number  of  trunk  calls  between 
Boston  (Main)  and  Tremont  Exchanges  was— 

From  Boston    ...*       557 

To  Boston        475 

The  former  averaged  20^  per  circuit. 

The  latter  averaged  14 J  per  circuit. 

The  result  is  that  in  places  like  Chicago,  where  there  are  II 
exchanges,  and  New  York,  where  there  are  9  exchanges,  the  trunk 
working  is  done  between  them  virtually  as  though  the  whole  of 
the  exchanges  were  centred  in  one  big  hall. 
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The  long-distance  work  is  done  in  the  same  way.  Only  Mr.  Pwece. 
metallic  circuits  are  switched  on  to  the  long-distance  lines. 
The  incoming  trunk  wires  end  in  plugs,  the  outgoing  trunk 
wirfes  end  in  "jacks,"  so  that  when  an  operator  hears  "351  on 
^'  Chicago  3,"  he  simply  takes  up  351  plug  and  put^  it  in  a  Chicago 
jack  without  hesitation.  If,  however,  all  the  Chicago  jacks  are 
busy — which  he  sees  at  once  by  the  visual  signal — he  says,  "  Busy," 
and  the  caller  has  to  wait  his  turn.  In  my  experience  this 
occurred  but  rarely.  When  the  calls  were  heard,  the  connections 
were  made  as  rapidly  as  possible  for  it  to  be  done,  or  as  rapidly  as 
one  could  wish  that  it  should  be  done. 

In  New  York  the  Long-Distance  Company  and  the  New  York 
Telephone  Company  are  in  the  same  building.  A  complete 
section  of  the  New  York  multiple  board  is  in  the  long-distance 
switch-room,  so  that  connections  are  jn&de. direct  between  the 
long-distance  lines  and  the  subscribers.  Usually  a  section  of  the 
multiple  board  in  the  local  exchange  is  allotted  for  long-distance 
trunk  work  to  the  long-distance  office,  which  may  be  elsewhere. 
It  is  so  arranged  that  when  a  subscriber  talks  on  a  long-distance 
line  his  own  circuit  is  entirely  cut  out  from  the  local  operating 
switch-board. 

There  are  a  great  many  public  call  offices  open  in  every  city. 
There  are  535  in  New  York.  They  call  them  "public  pay 
"  stations."  People  pay  tolls,  and  they  come  in  and  speak  to  the 
exchanges  and  get  their  connections  through. 

Long-Distance  Working. 

The  long-distance  speaking  in  the  States  is  very  popoular  and 
very  successful.  The  opening  of  the  circuit  between  New  York 
and  Chicago— a  distance  of  nearly  1 ,000  miles — was  so  successful 
that  they  immediately  found  it  necessary  to  erect  two  more 
circuits.  There  are  now,  therefore,  three  circuits  between 
these  two  places.  I  tested  these  circuits,  and  found  the  working 
remarkably  good.  It  was  difficult  to  say  that  it  was  better 
or  worse  than  the  working  of  our  London-Paris  line. 

The  tariff  for  the  long-distance  work  is  based  upon  one  cent 
per  mile  for  five  minutes'  talk.      The  greatest  distance  that  I 
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Mr.Preece.  found  upon  which  speech  was  condaoted  was  between  Milwaukee 
and  Portland,  and  between  these  places  talking  costs  11  dollars 
(44s.)  per  five  minutes. 

Bate  of  Workmg. 
I  found  that  the  customers  dealt  with  by  each  operator  varied 
very  much  in  diiBFerent  towns.      The  following  table  will  show 
this : — 


TOWK. 

CtTROiins  raa  Opuuide. 

Looftl. 

Lonj^lDistoooe 

Theoretical         

Chicago 

Buffalo     

Boston      

New  York,  18th  Street 

Brooklyn  ••.        ...        •••        •..        ... 
New  York,  Cortlandt  Street    

100 
66 

100 
70 
50 
66 
60 

6 

G 

• 

3 

6 

10 

•» 

The  daily  calls  per  circuit  also  vary  very  much.  The  average 
per  day  over  the  whole  country  is  8*03.  At  Chicago  on  one 
exchange  it  reaches  to  as  many  as  24*3 ;  the  mean  for  the  whole 
town  in  January  was  13*6,  while  in  July  it  was  12'3.  At  Buffalo- 
the  mean  is  6.  It  is  interesting  to  note  that  the  number  at 
Buffalo  is  just  the  same  as  it  was  when  I  visited  that  place  in 
1884.   At  Boston  the  average  number  then  was  5;  it  is  now  12*6. 

While  this  average  of  12  or  13  calls  per  day  is  not  an  extra- 
ordinary one,  it  represents  great  extremes  in  the  use  of  telephones, 
which  bring  about  complications  which  are  at  times  difficult  to 
meet.  There  are  in  the  main  exchange  at  Chicago  at  the  present 
time  several  hundred  telephones  which  are  used  more  than  109 
times  each  day.  Nearly  all  this  business  is  handled  between  the 
hours  of  9  a.m.  and  5  p.m.  During  the  busiest  hours  of  the  day 
these  instruments  are  in  use  almost  continually.  When  calls  are 
made  for  them,  therefore,  the  only  reply  is  that  they  are  busy» 
As  an  example  of  this  excessive  use  my  attention  was  called  ta 

*  I  did  not  record  the  nnmber  in  these  two  exchanges. 
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the  case  of  the  Waukesha  Hygeia  Mineral  Springs  Co.,  telephone  Mr.  Preece. 
No.  929  South.  A  complaint  was  made  by  one  of  their  branch 
offices  that  they  could  not  reach  the  main  office,  the  Une  always 
being  reported  to  be  busy.  A  record  was  made  of  the  calls 
bandied  on  this  telephone,  and  in  one  day  it  was  found  to  be  used 
a  total  of  449  times,  there  having  been  18  originating  calls  and 
431  calls  received.  In  one  hour  the  telephone  was  used  51  times. 
This  is  perhaps  the  busiest  line  of  which  there  is  a  record. 
Telephones  used  by  railway  offices,  wholesale  houses  of  all  kinds, 
hotels,  and  many  other  places,  are  apparently  in  use  almost 
continuously  in  the  busy  hours  of  the  day.  Many  such  establish- 
ments have  more  than  one  telephone,  some  of  them  having  as 
many  as  six. 

The  subscribers  per  exchange  in  the  exchanges  that  I  visited 
are  as  follows : — 

Chicago       ...        10,312,  divided  thus : — 


Main 

4,912 

Oakland  ... 

•  •• 

655 

South 

1,037 

Lake  View 

•  •  • 

244 

North 

996 

Wentworth 

•  •• 

46 

West 

,       903 

World's  Fair 

... 

269 

Canal 

434 

Harrison... 

•  .• 

424 

Yards 

392 

New  York,  Cortlandt  Street      ...       4,500 
Boston,  Central 3,545 

The  total  subscribers  in  New  York  are  9,574,  at  Brooklyn 
4,800,  and  at  New  Jersey  4,900,  making  a  total  for  New  York 
and  district  of  19,274. 


Undergromid  Work. 

The  statistics  that  I  have  given  show  how  rapidly  underground 
cables  have  come  into  use  in  the  States.  At  the  Chicago  Central 
Exchange  76  cables,  each  containing  100  wires,  enter  the  building 
and  ascend  up  a  shoot  to  the  exchange  room.  The  conductor  used 
i^  smaller  than  that  adopted  by  us.  It  is  only  No.  19  Brown  & 
Sharpe  gauge.  It  gives  47  ohms  resistance  per  mile,  and  it  has 
a  capacity  of  0*08  xnicrofEirads  per  mile.    The  insulation  must  be 
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Mr.  Pneoe.  500  megohms  per  mile  at  60^  F.  All  cables  before  being  used 
are  very  carefully  tested,  not  only  to  see  that  they  comply  with 
the  specification  as  to  conductivity,  capacity,  and  insulation,  but 
also  for  what  is  called  '^  cross  talk,"  by  means  of  buzzers. 

There  are  no  less  than  14,034  miles  of  underground  wire  in 
New  York.  160  cables,  each  containing  100  wires,  enter  GorUandt 
Street  building — that  is,  16,000  wires  enter  this  exchange*  In 
Boston  91  lead-covered  cables  enter — that  is,  10,920  wires  in  all,, 
for  each  cable  carries  120  wires. 

The  cables  are  made  for  50,  60,  or  100  pairs  of  wires.  The* 
50-pair  cables  have  a  diameter  of  1|  inches,  the  60-  and  100-pair 
cables  being  2  inches  and  2^  inches  in  diameter  respectively^ 
These  cables  are  in  all  cases  brought  straight  to  distributing 
boards  in  a  room  alongside  the  switch-board  room,  and  here  they 
are  brought  to  terminals  in  a  way  similar  to  that  adopted  by  us^ 
so  that  changes  can  rapidly  be  made. 

Subscribers'  lines  are  so  distributed  among  the  sections  of  the 
switch-boards  that  the  work  is  distributed  as  uniformly  as  possible 
amongst  the  different  operators. 

The  dry-core  or  paper  insulated  cable  has  proved  to  be  a  very- 
great  success,  and  is    now   universally  adopted  for  telephone 

purposes. 

Chicago. 

I  have  given  the  number  of  exchanges  and  subscribers  in 
Chicago.    To  provide  for  this  service  there  are — 


Miles  of  conduit     

48-02 

Miles  of  duct,  or  channel 

433-24 

Miles  of  cable,  underground 

106-96 

Miles  of  wire,  underground 

.    17,995-53 

Number  of  manholes         

888-0' 

Miles  of  cable,  aerial          

65-97 

Miles  of  wire  in  aerial  cables 

.      6,184-7(> 

Total  miles  of  wire  in  cables 

23,180-23 

Total  miles  of  wire  on  poles 

7,958-0 

Switch-Boards  and  Indicators. 
Cr^eat  improvements  in  working  have  been  made  in  consequenoe- 
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of  the  introduction  of  metallio  circuits.  Visual  signals,  like  those  ».  vwwi, 
employed  by  the  Post  Office  Department,  are  coming  in.  Dirt 
in  the  gear  was  a  great  source  of  trouble.  False  busy  signals 
were  frequently  received.  Now  a  third  wire  and  an  automatic 
restoring  indicator  has  made  the  busy  test  reliable.  The  visual 
signals  on  trunk  wires  are  assimilating  the  American  working  to 
our  Post  Office  system. 

Disturbances. 

The  disturbances  in  telephone  circuits  created  by  the  ex- 
tension of  electric  railways  have  been  severely  felt  in  many 
parts  g(  the  United  States.  We  have  experienced  the  same  in 
London,  Liverpool,  Leeds,  and  Blackpool.  But  owing  to  the 
prompt  action  taken  by  the  telephone  and  railway  companies,  espe- 
cially in  Boston,  the  area  of  disturbance  has  been  much  reduced, 
and  the  influence  of  electric  railways  on  telephones  has  ceased  to 
be  a  trouble.  Of  course  this  result  is  very  much  favoured  by  the 
rapid  introduction  of  metallic  circuits  into  cities ;  but  it  has  also 
been  &voured  by  the  prompt  action  of  the  railway  companies 
themselves.  They  did  all  that  they  were  asked  to  do,  and  that 
at  once.  In  all  cases  the  negative  pole  of  the  dynamo  at  the 
generating  station  is  put  to  earth,  and  the  return  conductors 
have  been  enlarged.  Extra  copper  wires  have  been  buried 
between  the  rails,  and  heavier  conductors  have  been  put  upon 
the  pedes.  The  return  conductor  is  the  largest  size  oc^per  wire 
made,  viz.,  No.  0.  The  rails  have  been  bonded  together  and 
to  this  return  conductor;  and  in  Boston  the  rails  are  welded 
electrically,  which  is  very  eflFective.  I  was,  unfortunately,  unable 
to  see  this  electric  welding  in  operation,  for  the  transformer  had 
foremen  down,  and  was  in  the  shops  under  repair.  I  saw  the 
whole  apparatus,  however.  A  special  car  is  used  for  the  plant, 
and  the  system  adopted  is  extremely  satisfactory. 

The  electrolytic  action  of  these  disturbing  currents  has  been 
noticed  not  only  as  affecting  gas  and  water  pipes,  but  also  the 
lead  coating  of  the  telephone  companies'  cables.  I  have  seen 
several  specimens  of  lead  pipes  much  pitted.  I  have  reascm  to 
believe  that  the  remedies  adopted  to  cure  disturbance  will  also 
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Mr.Preece   put  a  stop  to  what  might  have  become  an  element  of  great 
danger  to  nndergroimd  cables. 

Lightning  Protection. 

A  very  efficient  system  of  lightning  protection  has  been 
introduced  upon  the  telephone  system,  not  so  much  to  protect 
the  system  from  the  effects  of  lightning,  as  from  the  eiBFects  of 
those  powerful  stray  currents  that  enter  a  telephone  circuit  when 
accidental  contacts  occur  between  it  and  electric  light  and  electric 
railway  conductors.  Such  contacts  have  been  frequent,  owing  to 
the  prevalence  of  overhead  systems,  but  they  are  diminishing 
now  that  conductors  are  placed  imderground.  They  have  resulted 
in  numerous  accidents,  and  several  telegraph  and  telephone 
offices  have  been  set  on  fire  and  the  apparatus  destroyed.  Every 
telephone  circuit  is  now  protected  by  a  fiise,  or  cut-out — a  fine 
wire  of  great  resistance,  which  melts  if  traversed  by  a  powerful 
current ;  also  by  an  air  space  protector  on  the  same  principle  as 
the  lightning  arresters  we  use,  but  having  carbon  plates  instead  of 
brass  plates ;  and,  finally,  by  a  small  heat  coil,  which  puts  the 
current  to  earth  in  a  very  ingenious  way  when  the  stray  currents 
exceed  a  certain  strength.  These  three  guards  have  been  found 
quite  effective.  No  accident  has  occurred  where  they  have  been 
used. 

Bates. 

The  rates  or  rentals  demanded  from  the  various  subscribers 
diJBfer  very  much  in  the  States.  At  Buffalo  they  charge  a 
toll  rate  on  each  talk;  they  do  not  demand  an  annual 
rental;  they  simply  demand  a  minimum  amoimt  of  business 
per  annum.  This  rate  in  Buffalo  is  10  cents  for  five  minutes' 
talk,  and  they  have  adopted  a  system  of  charging  one-fifth 
of  this  rate  for  each  extra  minute  beyond  the  five.  The 
rate  in  San  Francisco  is  a  small  annual  rental  for  each  installa- 
tion, and  5  cents  for  each  talk.  A  somewhat  similar  plan  is  in 
use  at  Milwaukee.  But,  with  these  three  exceptions,  the  toll 
system  has  not  found  favour  in  the  States,  and  at  every  other 
exchange  an  annual  rental  is  demanded. 

The  American  Bell  Telephone  Company  are  now  considering 
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the  advisability  of  limiting  the  time  for  talks  to  three  minutes  Mr.  Preeoe. 
instead  of  five,  of  reducing  the  minimum  toll  in  proportion,  of 
making  additional  charges  for  each  minute  pro  rata^  and  of 
considering  a  fraction  of  three  minutes  as  equivalent  to  the 
whole  time. 

I  give  below,  in  tabular  form,  the  rentals  charged  in  25  of 
the  chief  cities  of  the  States : — 

Standard   Yearly  Rates  for  Subscribers. 


RisroxxcB. 

BUSIXBSS. 

MetalUo 
Circuit. 

Single 
Wires. 

Metallic 
Circait. 

Single 
Wires. 

New  York       

240 

160 

$    s 

180 

S       S 

100 

Chicago 

175 

125 

125 

100 

Philadelphia 

160 

120 

130 

100 

Brooklyn         

150 

... 

100 

.•• 

St  Louis         

... 

100    120 

... 

60.80  100 

Boston 

156    160 

120 

110    184 

96 

Baltimore        

120    160 

78 

90    160 

78 

Cincinnati  and  Covington     ... 

125 

100 

100 

72 

San  Francisco 

*72      90 

•60 

72      90 

60 

Cleveland        

120 

72 

100 

60 

Buffalo  ••        •••        .«• 

t     Toll 

... 

Toll 

... 

New  Orleans 

... 

96 

... 

62.50 

FitUhurgh       

126 

84 

112.50 

75 

Washington     

120    160 

100 

90    160 

72 

Detroit 

... 

72 

... 

60 

MUwankee       

:80      90 

60 

70      80 

50 

Newark 

160 

... 

100 

^  •*• 

Minneapolis 

120 

72 

100 

60 

Jersey  City     

150 

••• 

100 

... 

Louisville        

... 

72 

.*• 

60 

Kansas  City     ...        

... 

72 

... 

60 

Omaha 

... 

60 

... 

60 

St.  Paul          

120 

72 

100 

60 

Providence      

120 

60 

100 

48 

*  Also  **  toll  '*  of  5  cents  per  conversation. 

t  Installation  charge,  $70  for  first  500  messages. 

X  Rates  cover  installation  and  yearly  hnsiness  of  1,000  messages.  $  10  is  charged 
for  each  additional  500  messages. 

NoTB. — ^Where  two  rates  are  given  in  the  same  column  against  an  exchange 
they  represent  different  kinds  of  instruments  furnished.  In  many  cases  single-wire 
rates  are  no  longer  quoted  for  new  snhscribers. 

TOL.  xxm.  5 


«6  NOTES  ON  A  TRIP  TO  THE  UNITED  STATES     [Jan.  25th, 

Mr.  Piffct.  The  rates  vary,  and  are,  as  will  have  been  seen,  very  high ;  but 
although  the  enterprise  is  in  the  hands  of  private  companies,  it 
must. be  noted  that  they  have  great  difficulties  to  contend  with. 
In  a  place  like  New  York  the  rents  and  the  cost  of  buildings  is 
excessive.  In  one  small  exchange  they  pay  no  less  than  S7,000 
a  year  rental  for  one  floor.  Taxes  everjrwhere  are  enormous. 
Not  only  are  they  taxed  by  the  State,  but  they  are  taxed  by  the 
municipalities.  Way-leaves  are  excessive.  In  New  York  alone 
they  have  to  pay  to  the  company  controlling  the  underground 
conduits  no  less  than  $80,000  per  annum  way-leave — S8  per 
renter  for  way-leave  alone.  The  distances,  too,  that  they  have  to 
carry  their  underground  system  in  New  York,  in  Philadelphia, 
and  in  other  places  are  very  considerable.  They  have  been  forced 
by  municipal  action  to  go  underground.  In  the  face  of  these 
restrictions  no  comparison  between  rentals  in  New  York  and 
those  paid  in  this  country  can  be  made.  The  amount  of  the 
average  rental  in  London  scarcely  exceeds  £15  per  annum.  The 
average  amount  of  rental  throughout  the  country  on  our  Post 
Office  system  is  £9  lOs.,  but  in  New  York  subscribers  have  to  pay 
up  to  £50  per  annum. 

I  have  drawn  up,  with  the  assistance  of  the  American  Bell 
Telephone  Company,  a  comparative  statement  showing  the  ratio 
between  the  subscribers  and  the  population  in  24  principal  cities 
of  the  States.    The  details  appear  in  the  following  tables : — 
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Citff  PopviaUan  compared  wUh  City  Subscribers.    Comparative  nr. 
StateTnentj  JamAmry  let,  1893. 


Twenty-toor  Citie*. 

PopolAtion. 

Subaoribers 
in  Exchange. 

Avenffe  No. 

of  InlubiUnta 

to  each 

Exohuge 

SulMoriber. 

New  York          

1,616,801 

9,066 

167 

Chicago 

1,099,860 

9,684 

114 

Philadelphia       

1,046,964 

8,620 

289 

BrooUjn 

806,843 

4,439 

182 

St.  Lonit 

451,770 

8,561 

127 

Boston      •••        •••        ..•        ••> 

448,477 

6,668» 

79 

Baltimore 

434,439 

2,116 

'205 

Cincinnati  and  CovinKton 

334,279 

4,015 

63 

San  FianciBCO      

298,997 

4,628 

66 

Cleveland 

261,363 

3,182 

«2 

Bnfialo     

255,664 

2,24© 

114 

New  Orieans       

242,039 

M71 

166 

PittBbnrgh           

238,617 

3,264 

7S 

Washington         

280,892 

1,846 

126 

Detroit     

205,876 

4,287 

48 

MUwankee          

204,468 

2,661 

80 

Newark    •••        ...        •••        ... 

181,880 

1,094 

166 

Minneapolis        

164,788 

2,053 

80 

Jersey  Ciij         

163,003 

970 

166 

Lcmisrille           

161,129 

2,666 

63 

Kansas  Citj        

167,984 

2,681 

61 

Omaha      •••        •.•        .m        •.• 

140,452 

1,788 

81 

St  Faal,  Branch  of  Minneapolis 

133,156 

1,621 

88 

FroTidenoe          

132,146 

2,948 

46 

It  will  be  seen  how  very  much  these  places  v«y.  In 
Providence,  for  instance,  with  a  population  of  132,146,  we  find 
one  subscriber  to  each  45  persons ;  while  in  Philadelphia  there  is 
one  to  every  289  only. 

In  10  of  the  principal  towns  of  our  own  country  the  results 
are  as  follows : — 


*  Does  not  tnelnde  Express  sahscribers.    WiUi  Bxpress,  72  inhabitaats. 
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Mr  Preeoe. 




Population. 

Subsoribea 
inExchanJi 

Average  No. 

of  Inhabitants 

to  each 

Exchange 

Subscriber. 

London     ...        ...        ••• 

4,268,294 

6,700 

636-3 

LiTorpool 

618,790 

4,600 

114-1 

Manchester         

610,998 

2,300 

2221 

Glasgow 

669,059 

8,200 

200-0 

Edinhargh           

264,787 

900 

294-2 

PlTmonth... 

86,610 

300 

285-3 

Binningham        

483,626 

1,200 

402-9 

Leeds       

375,640 

1,800 

288-8 

HuU         

204,760 

400 

511-8 

Newcastle 

192,205 

1,300 

147-8 

The  telephone  in  the  United  States  is  essential  to  the 
business  man,  and  its  price  is  compared  with  that  of  an  ofiSce 
boy.  Labour  in  the  States  is  expensive,  and  an  office  boy  costs 
more  than  a  telephone  subscription. 

The  present  generation  in  America  has  grown  up  with  the 
telephone.  It  has  become  a  factor  of  business,  and  absolutely 
essential  to  the  transaction  of  that  business.  Its  use  has  passed 
its  climax ;  it  has  reached  its  normal  stage.  There  is  no  touting 
for  business;  business  comes.  Every  new  office  must  have  it. 
The  working  is  excellent,  and  they  are  alive  to  the  necessity  of 
maintaining  its  efficiency  at  the  very  highest  point.  Education 
is  complete,  not  only  of  the  staflF,  but  of  the  customer.  The 
apparatus  itself  is  being  perfected.  Uniformity  of  practice*  is 
being  introduced  under  the  operation  of  the  paternal  control  at 
Boston,  and  the  influence  of  technical  education  and  of  technical 
institutions  is  being  felt  everywhere. 

I  find  a  group  of  highly  educated,  clever  young  electricians 
being  engaged  and  encouraged  by  the  telephone  companies. 
New  blood  is  being  introduced,  and  great  zeal  and  activity  are 
shown. 

III. — ^The  Electrical  Congress. 

Two  Congresses  were  held  at  Chicago— the  one,  a  general  one, 
to  which  all  electricians  were  invited ;  and  the  other,  called 
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"The  Chamber  of  Delegates,"  to  which  nominees  from  the^r-Preeoe. 
different  Governments  were  sent.  The  latter  was  the  more 
important  of  the  two,  but  each  secured  considerable  attention, 
and  they  were  distinctly  great  successes.  The  following  extract 
from  an  American  technical  journal  very  fairly  summarises  the 
results : — 

**  The  Chicago  Congress. 

"  The  much-talked-of  International  Electrical  Congress  is  now 
**  a  thing  of  the  past.  Its  record  may  be  briefly  summarised  by 
"  saying  that  the  attendance  was  good ;  that  it  was  truly  inter- 
"  national ;  that  there  were  just  about  enough  papers ;  that  some 
**  good  work  was  done ;  that  the  social  features  were  enjoyable ; 
"  and  that,  while  the  general  management  left  much  to  be 
"  desired,  the  Congress  itself  was  a  success — not  quite  as  grand 
**  a  success  as  we  should  like  to  have  seen,  but,  nevertheless, 
"  a  success.  Among  the  papers  read  were  a  few  which  created 
"  unusual  interest,  and  some  which  will,  doubtless,  become 
"  standards  of  reference.  The  papers  and  discussions  were  of 
**  such  a  character  that  the  published  volume  of  the  proceedings 
"  will  be  interesting  reading,  and  will  become  a  book  of  reference. 
"  The  foreign  attendance  was  such  that  the  Congress  became 
"  truly  an  international  one.  Among  the  foreign  coimtries 
**  represented  England  took  the  lead  in  numbers,  and  especially 
"  in  papers  read,  and  in  the  discussions.  Germany  and  France 
*^  came  next.  That  it  was  an  international  assembly  was  shown 
"  by  the  fact  that  the  French  language  was  freely  used  in  papers 
"  and  discussions,  the  only  reason  why  German  was  not  used 
*•  being  that  educated  natives  of  that  country  almost  always 
"  imderstand  and  speak  English.  Thanks  to  a  few  energetic, 
<^  experienced,  and  willing  members  and  exhibitors,  the  social 
"  features  were  not  entirely  omitted.  The  social  events  that  did 
*•  take  place  were  enjoyable,  and  will  be  long  remembered  by 
"  those  who  took  part." 

The  Congress  met  on  August  21st,  at  least  500  being  present. 

Professor  von  Helmholtz  was  appointed  hon.  president; 
Professor  Elisha  Gray,  chairman. 
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ir.  PkMocs.         Each  principal  European  country  had  a  vice-president,  and  I 
had  the  honour  of  being  selected  to  represent  England. 
The  Congress  was  divided  into  three  sections — 

A.  Pure  theory. 

B.  Theory  and  practice. 

C.  Pure  practice. 

.  Some  excellent  papers  were  read,  and  good  discussions  ensued* 

The  most  prominent  subjects  dealt  with  were  the  transmission 
of  power  to  great  distances,  and  general  preference  was  shown  for 
alternating-current  systems.  The  work  being  done  at  Niagara 
excited  general  interest,  and  some  of  us  visited  these  works  after- 
wards, with  great  profit  and  pleasure. 

Professor  Ayrton  read  a  very  able  paper  on  the  variation  of 
arc  lamps,  so  much  used  in  America ;  while  much  interest  wa& 
created  by  the  reading  of  a  paper  by  Professor  Silvanus  Thompson 
on  "  Ocean  Telephony,*'  a  possibility  in  the  future.  My  paper  on 
'^  Signalling  through  Space  "  also  created  much  interest. 

Perhaps  the  most  useful  result  of  the  Congress  was  the 
bringing  together  of  such  an  international  mixture  of  electricians, 
making  friendships,  allaying  jealousies,  and  breaking  down 
national  prejudices.  Electricity  is  the  only  branch  of  science 
which  has  but  one  language,  and  it  is  now  quite  cosmical  in  it& 
character. 

Congresses  do  infinite  good  in  promoting  friendliness  among 
nations. 

Chamber  of  Delegates. 

The  object  of  this  meeting  was  really  to  consummate  the  work 
done  by  the  British  Association  and  by  the  Board  of  Trade,  and 
to  secure  the  official  sanction  of  the  United  States  Government  to 
the  units  selected  and  adopted  in  England.  This  was  done,  and 
the  report  of  the  Chamber  gives  international  support  to  the 
proposed  legalisation  of  the  ohm,  volt,  fieuad,  ampere,  watt,  and 
joule,  as  defined  by  the  Committee  of  the  Board  of  Trade.  There 
is  no  doubt  that  all  European  Governments  will  now  accept  these 
decisions. 

A  new  unit  was  adopted,  viz.,  the  "  henry,"  a  unit  of  induc- 
tion, which  was  sometimes  called  the  "  quadrant,"  as  defined  in 
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Paris  in  1889,  and  sometimes  the  ^^  secohm/'  as  proposed  in  yr  Pmece. 
England.  The  acceptance  of  the  name  "henry"  pleased  the 
Americans  very  much,  for  their  nationality  has  hitherto  been 
unrepresented  among  the  celebrated  electricians  whose  names 
have  been  applied  to  the  standards  of  electrical  measurements. 
Germany,  Italy,  France  were  represented  by  Ohm,  Volta,  Coulomb, 
and  Ampere ;  while  England  absorbed  no  less  than  three,  viz., 
Faraday,  Watt,  and  Joule.  America  has  now  her  Henry,  and  is 
satisfied. 

The  following  is  the  official  report  of  the  resolutions  arrived 
at: — 

**  Re&olvedj — ^That  the  several  Governments  represented  by  the 
^  delegates  of  this  International  Congress  of  Electricians  be,  and 
"  they  are  hereby,  reconmiended  to  formally  adopt  as  legal  units 
"  of  electrical  measure  the  following : — ^As  a  unit  of  resistance, 
'^  the  iTdernatumal  ohmy  which  is  based  upon  the  ohm  equal 
"  to  10*  units  of  resistance  of  the  C.G.S.  system  of  electro- 
"  magnetic  units,  and  is  represented  by  the  resistance  offered  to 
"  an  unvarying  electric  current  by  a  column  of  mercury  at  the 
"  temperature  of  melting  ice  14*4521  grammes  in  mass,  of  a  con- 
"  stant  cross-sectional  area,  and  of  the  length  of  106*3  centimetres. 
"  As  a  unit  of  current,  the  imierncUioTial  ampere^  which  is 
"  one-tenth  of  the  unit  of  current  of  the  C.G.S.  system  of 
'^  electro-magnetic  units,  and  which  is  represented  sufficiently 
"  well  for  practical  use  by  the  unvarying  current  which,  when 
'^  passed  through  a  solution  of  nitrate  of  silver  in  water,  and  in 
^'  accordance  with  accompanying  specifications,  deposits  silver  at 
"  the  rate  of  0*001118  of  a  gramme  per  second. 

^^  As  a  unit  of  electro-motive  force,  the  intemcUional  vcltj 
^  which  is  the  electro-motive  force  that,  steadily  applied  to  a 
''  conductor  whose  resistance  is  one  international  ohm,  will 
^'  produce  a  current  of  one  international  ampere,  and  which  is 
"  represented  sufficiently  well  for  practical  use  by  J—  of  the 
"  electro-motive  force  between  the  poles  or  electrodes  of  the 
"  voltaic  cell  known  as  Clark's  cell,  at  a  temperature  of  15®  C, 
"  and  prepared  in  the  manner  described  in  the  accompanying 
''  specification. 
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Mr.  Preece.  "  As  a  Unit  of  quantity,  the  intematianal  coulomb,  which  is 
"  the  quantity  of  electricity  transferred  by  a  current  of  one 
"  international  ampere  in  one  second. 

"  As  a  unit  of  capacity,  the  intenKUional  farads  which  is 
"  the  capacity  of  a  condenser  charged  to  a  potential  of  one 
"  international  volt  by  one  international  coulomb  of  electricity. 

"  As  a  imit  of  work,  the  jotiUf  which  is  equal  to  10'  units 
**  of  work  in  the  C.Gr.S.  system,  and  which  is  represented 
"  suflSciently  well  for  practical  use  by  the  energy  expended  in 
'^  one  second  by  an  international  ampere  in  an  international 
**  ohm. 

"  As  a  imit  of  power,  the  waitj  which  is  equal. to  10'  units 
**  of  power  in  the  C.Gr.S.  system,  and  which  is  represented 
"  sufficiently  well  for  practical  use  by  the  work  done  at  the  rate 
"  of  one  joule  per  second. 

"  As  the  unit  of  induction,  the  henry,  which  is  the  induction 
**  in  a  circuit  when  the  electro-motive  force  induced  in  this 
^^  circuit  is  one  international  volt,  while  the  inducing  current 
^^  varies  at  the  rate  of  one  ampere  per  second. 

•*  The  Chamber  also  voted  that  it  was  not  wise  to  adopt  or 
**  recommend  a  standard  of  light  at  the  present  time." 

An  attempt  was  made  to  introduce  other  units,  but  the 

feeling  is  pretty  strong  that  language-framing  electricians  must 

rest  on  their  oars  for  a  time.    New  ideas  and  new  measurements 

must  have  new  terms  and  new  names,  but  the  general  public 

must  become  more  accustomed  to  the'  new  language  already 

invented  before  proceeding  to  manufecture  more  novelties  in 

phraseology.     The  new  terms  are  even  now  very  difficult  to 

explain,    and    still    more    difficult    to  understand.      Moreover, 

electricians  themselves  are  not  sufficiently  unanimous  either  as 

to  the  necessity  or  upon  the  accuracy  of  the  definitions  of  the 

new  conditions,  and  therefore  they  can  afford  to  wait  for  a  final 

settlement  for  another  congress  some  years  hence — ^perhaps  in 

Paris  in  1900. 

IV. — ^The  Exhibition. 

Nothing  grander  in  design  or  more  beautifcQ  in  execution  has 
ever  been  seen  in  this  world  than  the  group  of  buildings  situated  in 
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Jackson  Park,  Chicago,  and  called  the  "  World's  Fair."  It  is  a  great  Mr.  Preece. 
misfortune  that  the  world  did  not  appreciate,  nor  respond  to,  the 
ambitious  views  of  the  conveners  of  this  fair.  Their  conception 
was  magnificent.  Their  architects,  if  they  did  not  originate  the 
plans,  certainly  rose  to  the  occasion.  Their  builders  realised  their 
views.  Every  possible  convenience  and  accommodation  was 
provided  for  exhibitors,  but  the  response  was  poor ;  and  the  internal 
management  of  the  whole  business,  owing  to  inexperience  and 
perhaps  overweening  confidence,  was  indifferent.  The  success  of 
the  undertaking  hovered  for  some  time  over  failure;  but  fine 
weather,  patriotism,  novelty,  real  beauty,  and  cheap  fares  at  last 
attracted  crowds,  which,  numbering  about  200,000  a  day,  have 
converted  what  looked  like  a  disaster  into  a  well-deserved  success. 
I  have  not  much  to  say  of  the  Exhibition  as  an  exhibition.  It  was 
very  like  its  predecessors.  It  did  not  attract  me ;  for,  having 
taken  part  in  nearly  every  exhibition  for  the  last  15  years,  I  am 
sick  of  exhibitions.  I  devoted  much  attention  to  the  electricity 
building,  and  observed  there  several  novelties,  some  of  which  I 
have  referred  to  in  other  parts  of  this  report. 

Qra'jfa  telautograph  attracted  much  attention.  It  is  an 
improvement  on  Cowper's  writing  telegraph.  It  reproduces  the 
motion  of  a  pen,  so  that  while  you  are  writing  in  London  a 
phantom  hand  seems  to  guide  the  pen  and  reproduce  your  own 
writing  in  Nottingham.  You  can  see  the  pen  move,  dot  the  i's, 
^and  cross  the  t's.  It  makes  corrections  and  erasures.  It  works 
well,  but  very  weirdly.  My  writing  and  signature  were  clearly 
reproduced  at  the  very  first  trial.  But  it  is  immature  for  practical 
trial  at  present.  It  has  not  reached  its  final  stage.  It  is  being 
improved  every  day.  It  is  very  complicated  in  construction,  and 
it  requires  four  wires  to  work  it.  The  Western  Union  Company  in 
Chicago  have  established  a  circuit  between  their  head  office  and 
stores  department,  and  are  giving  it  a  good  test. 

The  French  and  German  Administrations  sent  admirable  and 
extensive  displays  of  their  historical  and  working  apparatus,  with 
a  very  large  staff  of  men  to  attend  to  them,  but  I  am  pleased  to 
say  that  our  Post  Office  exhibit  proved  much  more  attractive  and 
interesting.    It  was  better  arranged  and  more  complete ;  and  our 
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vr.Pkvece.  ^^^  solitary  assistant,  Mr.  J.  Chapman,  won  golden  opinions  by 
the  admirable  way  in  which  he  attended  to  his  duties,  and  by  the 
excellent  verbal  explanations  he  gave  of  our  show. 

The  United  States  of  America  made  no  historic  exhibit,  but 
the  Western  Union  Company  showed  many  relics  and  examples  of 
Morse's  early  work. 

The  American  public  were  surprised  to  find  how  much  we  in 
England  had  anticipated  their  work.  Morse's  first  message, 
**  What  has  God  wrought  ?  "  was  sent  only  in  1844.  Our  history 
commenced  in  1837.  Our  jubilee  was  celebrated  in  1887.  Theirs 
is  to  be  celebrated  this  year. 

An  exhibit  that  attracted  much  attention  was  a  door  which 
opened  before  you  as  you  approached  it,  and  closed  behind  you  as 
you  receded  from  it.  This  was  done  by  a  small  electric  motor 
which  was  set  in  motion  when  you  stepped  on  a  mat,  and  released 
when  you  passed  through  the  door.  It  was  worked  with  the  same 
current  that  would  light  a  glow  lamp. 

Both  on  entering  the  harbour  of  New  York,  and  on  going  by 
steamer  firom  Chicago  to  the  World's  Fair,  channels  for  the 
passage  of  the  steamship  were  clearly  marked  out  at  night  by 
glow  lamps  fixed  on  spar  buoys,  and  lighted  up  in  series. 

There  was  shown  an  electric  selector  of  great  merit  and  some 
originality.  It  was  a  plan  by  which  any  particular  railway  station 
could  be  selected  and  called,  any  particular  signal  cleared  or  put 
to  danger,  any  office  on  a  long  circuit  with  several  intermediate 
instruments  selected  and  secured,  any  subscriber  on  a  combina- 
tion telephone  circuit — that  is,  on  a  single  circuit  upon  which 
several  renters  are  fixed — could  be  called  and  isolated  from  the 
rest. 

All  the  great  manufacturers  in  the  United  States  made  large 
exhibits  of  their  wares.  The  American  Bell  Telephone  Company, 
the  Western  Electric  Manufacturing  Company,'  the  General 
Electric  Company,  the  Westinghouse  Company,  the  Standard 
Electric  Company,  had  splendid  shows,  but  few  novelties.  Their 
novelties  have  already  been  referred  to,  either  under  electric 
lighting  or  electric  railways. 

Electric  lifts  were  on  exhibition,  and  in  use.     They  worked 
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very  well  indeed,  and  are  rapidly  coming  into  general  nse  in  the  Mr. 
States.    The  New  Postal  Telegraph  Building  in  New  York  is 
being  fitted  with  several  of  these  lifts,  which  are  going  to  be 
worked  very  quickly  indeed  (600  feet  a  minute).     They  are  being 
installed  by  the  Sprague  Company. 

Electric  welding  was  shown  in  full  operation,  and  attracted 
much  attention. 

Power  was  transmitted  all  over  the  place  by  currents,  and 
whole  exhibits  were  shown  in  motion  by  means  of  electric 
motors. 

Along  the  Machinery  Hall,  1,400  feet  in  length,  an  electric 
crane,  75  feet  span,  travelled,  and  formed  an  admirable  point  of 
observation  for  those  who  were  allowed  to  travel  on  it.  It  was 
used  in  the  preparation  of  the  Exhibition  to  lift  and  fix  all  the 
machinery.  It  lifts  and  moves  40  tons.  It  is  worked  by  five 
motors.    Its  weight  is  58  tons,  and  its  speed  was  excellent. 

There  were  large  exhibits  of  every  class  of  cable  manufiwjtured 
in  the  States — ^A^^aring,  okonite,  kerite,  Patterson,  dry-core,  Ac. ; 
and  Felten  &  Guilleaume  had  in  the  German  section  a  fine 
show  of  their  own  make.  Sections  of  streets  were  shown,  with 
pavement,  manhole,  conduits,  joints,  and  everything  complete. 

England  is  the  home  of  the  alternator,  but  it  has  now  taken 
firm  root  in  America.  In  1884  there  was  not  a  single  one  to  be 
found  in  Philadelphia.  Now  they  are  everywhere,  and  alternate 
currents  are  being  studied  and  developed  in  a  way  that  is 
completely  putting  our  experimentalists  in  the  back  row. 

The  paucity  of  real  novelties,  or  of  what  are  commonly 
known  as  "Yankee  notions,"  was  very  marked.  The  necessity 
for  such  things— that  is,  the  scarcity  of  labour — has  apparently  dis- 
appeared, and  with  its  parent  the  child  has  languished.  Moore's 
spark-interrupter — ^an  automatic  vibrating  armature  in  a  vacuimi 
tube,  by  which  glow  lamps  can  be  turned  up  or  down  without 
wasting  energy — was  described  at  a  meeting  of  the  electrical 
engineers  at  New  York,  but  I  did  not  see  it  at  the  World's  Fair. 

The  distinguishing  feature  of  the  Chicago  World's  Fair  was 
not  alone  its  uniqueness,  but  its  grandeur  and  its  magnificence. 
It  was  not  an  exhibition  of  goods  and  manufactures  in  the  old«- 
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Mr.Preece.  world  86X186.  No  0X16  8661116(1  to  car6  two  stxaws  for  the  mere 
trade  exhibition  j9^  ae ;  he  admired  the  beautiful  buildings,  the 
water-ways,  the  external  attractions,  and,  above  all^  the  congeries 
of  people  that  assembled  from  all  quarters  of  that  great  continent 
in  such  multitudes. 

The  distinguishing  feature  of  American  engineering  is  the 
great  scale  on  which  it  is  carried  out,  and  the  rapidity  of  its 
adoption.  An  electric  railway  from  Chicago  to  St.  Louis,  250 
miles  long,  is  not  a  difficult  engineering  feat,  for  the  country  is 
level,  but  it  is  novel  for  the  fact  that  it  is  projected  to  travel  at 
the  rate  of  100  miles  an  hour. 

There  were  some  things  in  the  Exhibition  that  were  extremely 
interesting.  The  first  was  a  complete  reproduction  of  an  ancient 
Viking's  war-ship — an  open  boat,  that  would  excite  fear  and 
trembling  even  in  crossing  the  Channel,  but  of  a  type  that 
probably  crossed  the  Atlantic  long  before  the  famous  fleet  of 
Columbus.  These  vessels — the  "Santa  Maria,"  "Pinta,"  and 
"  Nina  " — were  also  reproduced  in  all  their  dimensions,  and  in  all 
their  colours  and  fittings.  The  contrast  between  these  relics  of 
the  past  and  the  modem  war-ship  built  alongside  the  home  of 
the  British  Commission,  Victoria  House,  was,  to  my  mind,  more 
suggestive  than  all  the  innumerable  wares  and  appliances  so 
freely  exposed  in  the  vast  extent  of  covered  area. 

One  interesting  building  was  a  kind  of  baby  cloak  room, 
where  mothers  could  book  their  babies  for  the  day,  and  who 
were  there  carefully  tended',  nursed,  amused,  and  fed  for  a  very 
small  charge.  Each  mother  received  a  small  brass  check,  which 
was  her  guarantee  for  the  safe  custody  of  her  little  beauty. 

V. — ^Electric  Lighting." 

Electric  lighting  has  not  generally  made  the  rapid  progress 
during  the  past  nine  years  in  the  States  that  was  expected  from 
its  great  rate  of  growth  during  the  previous  four  years.  Wild 
speculation,  hasty  construction,  fatal  accidents,  and  frequent 
failures  have  reacted  on  steady  progress.  At  the  same  time  the 
advance  has  been  very  great,  principally  in  public  street  lighting. 
All  towns  and  villages  in  all  parts  of  the  country,  however  small 
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and  isolated,  or  however  distant,  seem  to  have  adopted  public  arc  Mr.Preeoe. 
lighting.    Arc  lamps  are  fomid  suspended  over  the  roadways  in  a 
very  rough-and-ready  way,  sometimes  from  stretched  wires,  some- 
times from  long  balanced  levers,  but  always  eflFective. 

The  arc  lamp-posts  are  generally  of  timber,  like  telegraph 
poles ;  occasionally  squared  timber,  as  in  Broadway,  New  York ; 
and  sometimes  plain  and  neat  iron  poles,  made  of  differing 
sections  of  iron  pipes,  but  rarely  so  heavy,  massive,  artistic,  and 
expensive,  as  in  England.  Clear  glass  globes  appear  to  be 
almost  universal  in  use.  It  is  quite  rare  to  see  frosted  glass  or 
opaline  shades. 

The  principal  novelty  introduced  has  been  the  use  of  flat  carbons 
of  oval  or  elliptic  section,  to  increase  the  duration  of  the  light. 
They  are  310  millimetres  long  ;  the  major  axis  is  25  millimetres, 
and  the  minor  11  millimetres.  The  ordinary  arc  lamp  bums  as  a 
rule  only  eight  hours,  but  this  flat  carbon  doubles  its  life.  Moreover, 
the  flat  carbon  is  found  very  advantageous  and  useful  with  alter- 
nating-current systems,  on  which  arc  lamps  as  a  rule  work  badly. 
The  standard  current  used  is  10  amperes,  and  the  energy 
expended  varies  from  400  to  500  watts.  The  lamps  bum  very 
steadily  as  a  rule,  and  give  a  light  of  about  800  candles  at  the 
angle  of  maximum  intensity. 

An  excellent  self-regulating  altemator  for  public  arc  lighting, 
designed  by  Stanley,  was  exhibited  by  the  Westinghouse  Com- 
pany. It  maintained  its  current  quite  constant,  however  much 
the  number  of  the  lamps  was  varied,  between  0  and  24.  Any 
number  could  be  turned  on  or  off  without  the  least  difference 
being  detected  in  the  current  on  the  light. 

The  favourite  arc  dynamo  in  the  States  is  said  to  be  that 
supplied  by  the  Standard  Electric  Light  Company.  There  was  a 
large  exhibit — six  machines — of  this  type  in  the  Exhibition. 
The  largest  size  worked  with  6,550  volts,  and  maintained  120  arcs 
in  series.  It  is  fitted  with  a  very  effective  and  rapid  working  auto- 
matic govemor,  regulating  the  range  of  the  brushes,  so  that  as 
lamps  were  turned  off  the  current  was  maintained  constant  and 
the  voltage  changed.  Six  seconds  only  were  needed  to  regulate 
the  brushes  from  a  load  of  one  lamp  to  50  lamps. 
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UjkPNMe.  Arc  lighting  is  used  very  much  for  shop-lighting,  not  only  in 
the  interior  for  general  illumination,  but  for  advertising  and 
attractive  purposes  outside.  Indeed,  many  of  the  streets  of  the 
principal  cities — especially  New  York  and  Chicago — are  more 
brilliantly  lighted  by  the  shopkeepers  than  by  the  municipalities. 
In  fact,  in  many  cities  there  are  many  more  arcs  supplied  for 
private  than  for  public  purposes. 

iTicandescent  Lighting. 

Glow  lamps  are,  within  my  observation,  invariably  used  in 
telegraph  offices,  post  offices,  telephone  exchange  rooms,  hotels, 
and  in  many  railway  stations. 

The  electric  light  is  more  general  in  such  public  places  than 
with  us.  I  did  not  visit  a  single  place  that  was  not  so  fitted,  and 
with  glow  lamps.  In  private  houses  it  is  much  used,  but  not  so 
generally  as  with  us.  In  Chicago  the  residential  lighting  is  only 
33  per  cent,  of  the  total.  In  all  large  cities  there  are  immense 
blocks  of  buildings  fitted  with  lifts  and  used  as  offices.  In  all 
cases  they  were  lighted  by  their  own  isolated  plants.  One  of  the 
most  striking  features  of  a  bird's-eye  view  from  some  lofty  spot  of 
a  great  city,  like  New  York  or  Chicago,  is  the  white,  fleecy,  wool- 
like jets  of  vapour  that  float  gracefully  away  firom  the  top  of  every 
large  building.  They  are  to  be  reckoned  by  the  hundred,  and 
every  one  means  steam  plant  working  lifts  and  electric  light. 
The  Western  Union  Company  at  New  York  and  Chicago  have 
their  own  steam  plants. 

When  I  visited  Chicago  in  1884  no  central  electric  lighting 
station  had  been  built,  and  no  current  was  supplied.  Now,  a 
capital  of  $2,233,000  earns  an  income  of  $320,000  yearly. 

The  glow  lamps  (16-C.P.)  fixed  are 136,409 

Arc  lamps  fixed 4,376 

Motors  supplied — total  H.P 3,612 

and  this  is  equivalent  to  430,000  10-C.P.  lamps  fixed,  or  such 
lamps  as  we  reckon  with  in  England. 

The  maximum  load  is  50  per  cent,  of  these  lamps  alight  at 
one  time,  which  accords  with  our  experience  in  England. 

The  price  works  out  at  T^d.  per  kilowatt-hour,  or  supply  unit. 
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and  this  indades  the  cost  of  the  renewal  of  the  lamp.  The  cost  iir.PMioe. 
of  production  works  out  at  3|d.  per  unit.  The  cost  of  the  pro- 
duction of  electric  energy  in  the  States  differs,  therefore,  very 
little  from  that  experienced  here.  It  is  everywhere  steadily  on 
the  decrease.  As  the  load  increases,  as  the  daily  supply  lengthens 
in  duration,  as  the  generators  increase  in  size,  so  will  the  cost 
diminish ;  and  how  low  it  will  fall  no  one  can  predicate.  Anyway, 
it  will  certainly  far  exceed  in  economy  the  production  of  gas. 

The  price  of  lamps  to  the  undertaker — that  is,  to  the  electric 
light  company — is  Is.  4d. ;  the  life  of  the  lamp  is  600  hours. 
A  16-C.P.  lamp  takes  0*45  amperes  and  110  volts.  It  is,  there- 
fore, a  50-watt  lamp,  and  a  better  one  than  we  get  at  present 
in  England.  The  screw  socket  appears  to  be  in  universal  use. 
I  wish  it  were  so  here. 

There  are  three  central  stations  in  Chicago.  A  new  station 
is  being  built  alongside  the  water  in  Harrison  Street  with  a 
capacity  for  utilising  20,000  H.P.,  where  every  modem  appliance 
for  cheap  fuel,  automatic  feeding,  condensing,  and  economising 
will  be  used. 

The  south  side  central  station  is  worked  by  natural  gas, 
which  is  brought  in  pipes  100  miles  long  from  Indiana.  It  is 
very  cheap  compared  with  coal. 

I  found  in  use  in  Chicago  a  system  of  raising  the  voltage  on 
the  feeders  when  the  pressure  fells,  owing  to  the  increase  of  load, 
by  switching  in  motor  dynamos.  They  have  given  the  name  of 
^  boosters "  to  these  instruments.  A  somewhat  similar  system 
has  been  applied  at  home  at  the  Midland  Bailway,  Derby. 

The  Exhibition  and  its  surroundings  were,  of  course,  brilliantly 
and  entirely  lighted  by  electricity. 

The  accumulator  in  America  has  been  a  feilure  for  electric 
lighting,  and  a  very  strong  prejudice  exists  against  its  use.  It 
has  led  to  much  litigation,  and  the  best  forms  seem  little  known 
there.  The  lagoons  of  the  World's  Fair  grounds  were,  however, 
very  successfully  navigated  by  extremely  pretty  electric  launches, 
vrotked  and  lighted  by  accumulators.  The  grounds  at  night, 
brilliantly  illominated  and  interlaced  by  winding  waterways,  with 
wooded   islands  and   pretty  bridges,  along  which    illuminated 
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Bfr.Preece.  gondolas  and  silent  launches  floated  noiselessly,  formed  most 
beautiful  and  fairy-like  iscenes,  superior  to  anything  seen  in 
Venice  or  pictured  by  art. 

The  feature  that  distinguishes  American  from  English  engineer- 
ing practice  is  the  persistent  use  of  belting  and  countershafting. 
In  some  stations  the  belting  was  to  English  eyes  appalling.  Direct 
driving  is  only  now  making  its  way.  There  were  several  direct- 
driven  engines  and  dynamos  exhibited  in  the  American  section  at 
the  World's  Fair,  and  some  new  stations  now  being  built  are  to 
be  direct^iriven.  The  Willans  &  Robinson  engines  on  show  at 
the  Exhibition,  and  a  steam  turbine  exhibited  in  the  Swedish 
section  by  Laval — a  form  somewhat  similar  to  that  of  the  Hon. 
Charles  Parsons,  who  unfortunately  did  not  exhibit — attracted 
much  attention.*  The  reports  of  our  performances  in  England 
are  much  sought  after,  and  I  think  one  influence  of  the  Chicago 
gathering  will  be  to  convert  American  engineers  to  direct  driving. 

The  elastic  character  of  direct-driving  engines,  gradually  in- 
creasing in  number  and  capacity  with  the  load,  and  the  ability 
to  shut  down  or  turn  on  engine  after  engine  as  the  load  varies, 
are  economical  advantages  of  immense  value.  The  rapid  regu- 
lation of  small  engines,  the  much  smaller  space  occupied  where 
space  is  so  valuable,  the  smaller  capital  expenditure  involved, 
and  the  reduced  working  expenses,  all  give  direct  driving  an 
advantage  which  should  recommend  itself  to  such  eminently 
practical  engineers  as  the  Americans. 

The  General  Electric  Company  showed  in  the  World's  Fair  a 
1,000  H.P.  triple-expansion  vertical  marine  type  engine,  driving 
two  400-kilowatt  multipolar  dynamos,  and  the  Chicago  Edison 
Electric  Light  Company  are  fitting  up  their  new  central  station 
with  such  direct-driving  engines. 

No  one  would  continue  to  make  huge  dynamos,  with  a  speed 
of  90  revolutions  per  minute,  when  convinced  that  smaller  instru- 
ments of  the  same  power  may  be  run  with  equal  economy  and 
success  at  350  revolutions  per  minute. 

The  town  work  at  siich  places  as  New  York,  Boston,  and 
Chicago  is  as  solid  and  substantial  as  anything  we  can  show  in 
England;  but  when  we  inspect  the  outlying  works  in  country 
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towns,  we  can  only  express  our  thanks  that  we  have  the  control  Mr.Preece. 
of  the  Board  of  Trade  and  the  protection  of  an  Act  of  Parliament. 
It  is  the  fieishion  to  decry  grandmotherly  government,  and  to 
wince  at  departmental  espionage ;  but  the  protection  of  life  on 
our  railways,  the  absence  of  accident  in  our  electric  light  under- 
takings, and  the  solid  character  of  the  work  done  everywhere,  as 
compared  with  the  same  conditions  in  the  States,  can  lead  to 
but  one  conclusion — viz.,  that,  if  we  are  slower,  we  do  these 
things  at  least  better  in  England. 

It  is  all  very  well  in  the  pioneer  stage  of  any  industry  to 
let  private  enterprise  have  its  full  swing,  but  when  an  industry 
becomes  a  public  necessity,  and  when  the  interests  of  the 
whole  community  are  at  stake,  Government,  as  the  custodians  of 
the  public  weal,  must  step  in  and  assume  the  control.  The 
accidents  in  the  States  are  terrible  in  their  number  and 
fifttality;  and  they  strike  the  observant  Englishman  with 
dismay.   The  value  of  life  there  seems  to  be  very  much  below  par. 

VI.— Electric  Kailways. 

The  progress  made  in  the  establishment  of  electric  railways 
is  the  most  wonderful  instance  of  growth  of  electric  industry 
observable  in  the  States.  In  1884  I  found  only  one  railway  so 
worked,  and  that  experimentally,  at  Cleveland.  Now  every  town 
has  its  electric  railway.  There  are  4,000  miles  of  line  so  worked, 
6,900  motor  cars,  and  4,000  trailing  cars.*  The  capital  embarked 
is  SI 3,000,000,  and  the  rate  of  progress  is  scarcely  checked  by 
the  serious  financial  depression  that  has  passed  over  the  country. 

Electrical  appliances  of  all  kinds  for  railway  working  were 
among  the  most  conspicuous  exhibits  at  the  World's  Fair.  A 
special  track  was  laid  down  for  test  and  trial,  and  along  here  I 
inspected  a  30-ton  locomotive,  the  heaviest  yet  made,  having  a 
horizontal  pull  on  the  level  of  6,000  lbs.,  or  enough  to  draw 
500  tons  on  an  ordinary  English  railway. 

The  type  of  railway  in  general  use  over  the  United  States  of 
America  is  very  uniform.    We  have  only  one  true  example  in 

•  Trailing  cars  are  not  fitted  with  motore.  They  carry  passengers  only,  and 
are  drawn  by  motor  cars. 
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Mr.Preeoe.  England,  and  that  is  at  Leeds.  A  modification  of  the  system 
has,  however,  been  adopted  on  the  South  Staffordshire  Tram- 
ways, and  is  about  to  be  introduced  in  Coventry.  The  wires 
are  all  overhead.  A  heavy  insulated  copper  wire  is  sus- 
pended over  the  centre  of  each  pair  of  rails,  or  "track,"  and 
called  the  "  trolley  "  wire.  This  conveys  the  current  from  the 
power  house.  It  is  picked  up  by  a  trolley  rod,  which  presses, 
by  the  action  of  a  spring,  upon  this  wire,  and  so  conveys  the 
current  to  the  motors,  which  are  geared  to  each  of  the  two 
wheel  shafts  of  the  car.  The  current  is  thence  transmitted 
through  the  wheels  to  the  rails,  and  it  returns  thence  to  the 
power  house  by  heavy  copper  returns  buried  in  the  ground  or 
suspended  on  the  poles. 

There  were  two  very  fine  specimens  of  electric  railways  in 
Chicago.  One,  the  intra-mural  railway,  conveyed  visitors  to 
and  from  different  parts  of  the  grounds  of  the  World's  Fair, 
working  very  well,  carrying  an  immense  number  of  people,  and 
was  financially  very  successful.  It  was  not  a  trolley  line,  but  it 
had  a  third  rail  acting  as  the  main  conductor.  The  other  is  the 
Chicago  North  Shore  Street  Eailway,  running  to  Evanstown. 
This  is  a  trolley  line  having  iron  poles  of  strong  design  and  good 
taste.  It  is  7^  miles  long,  with  a  power  house  situated  in  the 
middle  of  the  line.  It  has  16  motor  cars  and  16  trailers.  The 
feeders  are  carried  on  wooden  poles,  which  are  very  unsightly. 
These  feeders  could  have  been  more  economically  and  more 
efficiently  put  underground. 

In  the  power  house  they  are  using  a  simple  horizontal  re- 
ciprocating engine,  driving  a  Thomson  four-pole  dynamo,  fitted 
with  carbon  brushes,  by  means  of  continuous  rope  gearing.  No 
sparking  whatever  is  observed  at  the  brushes,  and  nothing 
can  work  more  smoothly ;  but  the  absence  of  condensing  and 
the  existence  of  rope  gearing  must  render  the  engine  part 
uneconomical. 

The  maximum  H.P.  used  is  246.  The  voltage  varies  with  the 
load  from  500  to  550.     The  current  averages  200  amperes. 

The  maximum  number  of  cars  on  at  one  time  is  nine  motors 
and  nine  trailers,  and  this  averages  at  the  power  station  13*7  H.P. 


1894.J  AND  TO  CHICAGO— 1898.  83 

per  car  running.  The  cars  run  on  the  straight  at  from  16  to  20  Mr.Preece. 
miles  an  hour.  The  rails  are  85  lbs.  per  yard — a  very  heavy  rail 
for  a  tramway.  The  usual  rail  is  52  lbs.  per  yard,  as  at  Boston ; 
but  experience  in  the  United  States  of  America  is  leading  to 
heavy  rails.  The  pounding  and  hammering  on  the  rails  with 
heavy  loads  is  very  great,  and  in  Philadelphia  they  are  using 
even  90-lb.  rails. 

The  trolley  wire  alone  is  not  unsightly,  but  when  it  is  pro- 
tected with  three  guard  wires,  as  at  Boston,  and  the  same  poles 
carry  the  feeders,  it  becomes  hideous,  and  it  is  astonishing  that 
the  American  community  submit  to  it.  Such  a  system  is  im- 
possible in  England. 

This  trolley  wire  must  be  elastic,  otherwise  the  trolley  itself 
frequently  jumps  oflf  and  stops  the  car.  Attempts  have  been 
made  to  improve  the  appearance  of  the  road  by  using  handsome 
central  iron  poles,  with  solid  brackets  on  each  side  to  carry  the 
two  trolley  wires,  but  the  want  of  elasticity  has  introduced  fresh 
evils.  The  trolley  frequently  comes  oflF,  and  great  sparking  is 
evident. 

An  admirable  illustration  of  a  modem  electric  railway  is  the 
electric  portage  between  Lakes  Ontario  and  Erie,  from  Chippewa 
to  Queenstown,  13  miles  long.  It  is  on  Canadian  soil,  and  built 
with  Canadian  capital,  but  the  work  was  done  by  an  American  firm. 
It  is  an  open  overhead  trolley  line,  with  iron  posts  and  brackets. 
It  is  worked  by  water  power  derived  from  the  Niagara  Falls. 

The  West  End  railway  system  of  Boston  is  by  far  the  most 
extensive  electric  railway  system  in  any  city  in  the  States. 

In  the  power  station,  which  is  situated  on  the  harbour,  there 
are  24  Babcock-Wilcox  water  tube  boilers,  each  developing 
250  H.P. 

Surface  condensing  is  used,  sea  water  being  available  for  the 
purpose. 

There  are  six  horizontal  triple  expansion  engines,  each  de- 
veloping 1,000  H.P.,  and  driving  by  means  of  belting  18  Thomson- 
Houston  four-pole  dynamos,  all  capable  of  being  connected  up  in 
parallel,  but  put  on  and  off  as  the  load  varies. 

The  chimney  is  252  feet  high  and  13  feet  6  inches  in  diameter. 
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Mr..Preeoe.  It  does  not  smoke,  and  the  steam  is  generated  so  economically 
that  only  11^  lbs.  are  used  for  one  H.P.-hour. 

There  are  three  power  houses  in  Boston,  the  other  two 
developing  2,000  H.P.  each,  so  that  there  are  10,000  HP.  used 
in  Boston  for  working  their  street  railway  system. 

The  line  is  no  longer  run  by  contractors.  It  is  entirely  in 
the  hands  of  the  railway  company  itself.  They  have  magnificent 
workshops,  and  a  very  fine  staff.  Their  chief  engineer,  Mr.  Hirt, 
was  extremely  attentive  and  communicative.  He  supplied  me 
with  capital  drawings  of  the  works  and  general  arrangements. 

The  use  of  belting  was  again  surprising ;  but  I  was  told  that  a 
very  large  railway  system  at  Brooklyn  was  going  to  be  worked  by 
direct-driven  power,  so  as  to  obtain  an  authoritative  and  con- 
vincing trial  of  the  relative  merits  of  the  two  systems.  I  did  not 
learn  the  type  of  engine  to  be  fixed  at  Brooklyn,  and  I  was 
unable  to  go  there  to  find  out. 

The  track  is  light,  as  I  have  previously  mentioned,  but  they 
are  welding  together  the  fish-plates  and  the  rails  so  as  to  obtain 
an  electrically  perfect  return  circuit.  I  saw  the  car  and 
apparatus  used  for  this  welding  process,  but  I  could  not  see 
it  in  operation,  for  one  essential  part  of  the  plant  was  being 
repaired. 

I  saw  the  electric  snow  ploughs  used  to  keep  the  tracks  clear 
in  wintry  weather. 

The  system  of  railway  working  in  Boston  has  given  such 
satisfaction  to  the  public  that  the  traffic  returns  have  improved 
30  per  cent,  owing  to  the  change  from  horses  to  electricity. 
The  service  is  so  much  quicker,  cleaner,  and  better  performed. 
A  railway  car  in  full  service  is  said  to  run  an  average  distance  of 
250  miles  a  day,  and  its  mean  speed  is  15  miles  an  hour. 

There  is  an  important  question  under  discussion  in  the  United 
States  of  America — whether  it  is  better  to  pursue  the  present 
practice  of  using  two  motors  upon  the  cars,  one  on  each  wheel  axle, 
or  to  use  only  one  motor  connected  electrically  and  flexibly  with 
the  wheels  by  bevelled  gearing.  This  is  the  plan  advocated  and 
practically  carried  out  by  Mr.  Sperry.  The  weight  is  thus  placed 
in  the  middle.    The  horizontal  pull  is  said  to  be  greater.     The 
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starting  torque  is  smaller.  It  is  more  easily  controlled.  There  is  Mr.  Preeoe. 
no  slip,  and  the  velocity  of  all  parts  is  uniform.  It  will  climb  a 
stiffer  grade.  One  35-H.P.  motor  replaces  two  30-H.P.  single- 
reduction  Thomson-Houston  or  Westinghouse  motors  with  econ- 
omy of  energy.  The  system  is  working  in  Pittsburg,  where  it  was 
adopted  after  a  very  severe  trial  with  a  Westinghouse  car,  and 
it  is  about  to  be  used  on  22nd  Street  in  Chicago.  It  has 
this  disadvantage — that  if  the  motor  fails  there  is  not  a  second 
one  available  to  take  the  car  home.  The  problem  is  an  interesting 
one,  and  its  solution  will  be  watched  with  great  interest,  for  it 
has  an  important  bearing  on  the  economies  of  our  English  roads. 

The  feeling  is  pretty  prevalent  in  the  States  that  the  con- 
ductors must  eventually  go  underground.  Experiments  in  this 
direction  are  being  made  in  several  directions,  notably  in 
Washington  and  Chicago.  The  trolley  with  its  guard  wires  is 
really  an  abomination,  and  the  disturbances  created  by  insufficient 
return  accommodation  are  annoying  the  telegraph  and  telephone 
interests,  and  alarming  the  gas  and  water  companies.  The 
future  working  must  be  metallic  circuits  and  underground 
conduits.  It  is  so  done  in  Buda-Pesth,  and  it  has  been  partially 
done  in  Blackpool  and  in  Rome.  Other  experiments  are  contem- 
plated in  England.  No  one  can  doubt  that  the  future  of  electric 
railways  is  very  bright.  The  South  London  Railway  and  the 
Mersey  Dock  Elevated  Railways  are  examples  of  great  successes 
in  England,  but  it  is  in  the  States,  where  this  form  of  locomotion 
has  become  a  necessity,  that  we  are  sure  to  see  a  speedy  and 
practical  solution  of  the  problem. 

Conclusion. 

I  have  by  no  means  exhausted  the  many  notes  made  during  my 
trip,  but  I  have  said  enough.  Interviewing  is  a  feature  of 
American  journalism  that,  thank  goodness,  has  not  taken  root 
here.  I  was  surprised  to  read  of  interviews  with  myself,  extending 
to  two  or  three  columns,  that  resulted  from  the  passage  of  a  few 
compliments ;  but  I  was  more  surprised  to  find  that  statements 
supposed  to  have  been  made  by  me  to  an  interviewer  were  taken 
era  aerieux.     One  irate  functionary  compared  an  official  statement 
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Mr.  Preece.  of  a  past  Postmaster-General  with  a  mythical  statement  made  by 
me,  and  triumphantly  pointed  out  such  a  glaring  contradiction  a^ 
a  complete  refutation  of  my  fietllacies.  I  even  read  that  I  had 
stated  that  we  electricians  in  England  had  nothing  to  learn  from 
America.  I  have  no  recollection  of  ever  having  made  any  remark 
which  could  by  any  shorthand  blundering  have  been  construed 
into  such  an  absurdity;  but  if  I  had  done  so  it  would  more 
likely  have  been  one  where  "nothing "was  a  telegraphic  error 
for  "  everything." 

I  cannot  too  gratefully  speak  of  the  attention  and  kindness  I 
received  from  everyone,  and  I  certainly  feel  that  I  have  personally 
profited  from  my  visit  very  much  indeed. 

A  visit  to  the  United  States  is  something  like  charging  an 
accumulator.  It  stores  the  visitor  with  energy.  When  I  am 
completely  discharged,  and  my  adverse  criticisms  have  been  for- 
gotten, I  shall  probably  cross  the  Atlantic  again. 

The  The  President  :  We  are  fortunate  in  having  some  American 

President.  " 

friends  among  us  this  evening,  who  may  like  to  make  a  few 
remarks  on  Mr,  Preece's  admirable  paper,  and  I  am  sure  you  will 
like  to  hear  what  they  have  to  say  on  the  subject.     I  believe 
Mr.  Keith,  of  Chicago,  is  present. 
Mr.  Keith.  Dr.   N.   S.   Keith  :  Mr.   President  and    gentlemen,  —  Your 

worthy  President  has  made  something  of  a  mistake  in  intro- 
ducing me  as  from  Chicago.  I  hail  from  San  Francisco — 
still  further  away  from  this  country.  I  made  an  extended  visit 
at  the  Fair ;  I  attended  the  Electrical  Congress  as  well,  and  made 
special  observations  of  the  electrical  exhibition  at  that  place.  I 
agree  perfectly  with  the  remarks  of  Mr.  Preece,  so  far  as  they 
went  in  relation  to  the  Exhibition  electrically.  I  wish  to  add 
this,  however — that  a  great  deal  of  the  success  of  the  Exhibition 
rested  upon  the  electrical  department.  Its  power  features  were 
essentially  electrical.  Of  the  30,000  H.P.  of  engines  and  boilers 
provided  for  the  power  purposes  in  the  Machinery  Hall  and  its 
annexe,  27,000  H.P.  was  devoted  to  the  production  of  electricity 
for  various  purposes.  That  27,000  H.P.  was  divided  for  the 
purposes  of  light,  and  for  the  purposes  of  transmission  and 
distribution  of  power  over  the   entire   Exhibition.      Under  the 
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rules  of  the  Exhibition   no  fires  were  allowed  in  any  of   the  Dr.  Keith, 
buildings,  except  in  the  annexe  to  the  ^Machinery  Hall,  where 
the  boilers  were  located.      There  were  no  other   methods   of 
conveying  power  or  of  generating  power  in  any  of  the  buildings 
than  that  which  proceeded  from  Machinery  Hall  by  means  of 
electricity.    There  the  electricity  was  generated,  and  was  dis- 
tributed by  underground  wires  in  large  conduits,  through  which 
men  might  pass  upright^  and  carried  to  all  the  buildings  where 
power  was  desired.    In  the  Mining  Building  there  were  two  large 
motors  of  150  H.P.  each.    These  supplied  the  power  that  was 
necessary  for  the  exhibition  of  the  mine  machinery.      In   the 
Electricity  Building  no  electricity  was   generated,  except  in   a 
secondary  or   tertiary  or   quaternary  manner.      The   power  was 
generated  in  Machinery  Hall,  transmitted  by  electricity,  and 
reproduced    by  electro-motors.      It  was  applied  then  again  to 
dynamos,  and  from  dynamos  even  again  to  electro-motors,  for  the 
purpose  of  showing  the  capacities  of  various  apparatus.     The 
lighting  of  the  grounds  was  such  that  it  attracted  many  visitors 
by  night.    That  lighting  has  been  spoken  of  by  Mr.  Preece  in 
a  very  vivid  manner.     There  were  something  like  100,000  glow 
lamps— or  incandescent  lamps,  as  we  call  them — and  2,500  arc 
lamps  scattered  over  the  grounds  for  lighting  externally.     That 
was  independent  of  the  arc  lamps  and  glow  lamps  exhibited  by 
exhibitors  in  the  Electricity  Building.     The  Electricity  Building 
was  illuminated  every  night.     The  other  buildings  were  illumi- 
nated  once  or  twice  per  week,  moving   from   one   building  to 
another,  the  Mining  Building  and  Manufactures  Building,  and 
the  Agricultural  and  various  other  buildings,  having  their  evenings 
once  or  twice  a  week.     There  was  a  strange  incongruity  in  the 
use  of  the  electric  lamps.    There  was  an  annexe  to  the  Exhibition 
called  the  "  Mid- Way  Plaisance."    In  that  Mid-Way  Plaisance,  on 
either  side  of  a  large  street  some  three-quarters  of  a  mile  in 
length,  were  exhibitions  of  different  nationalities.     There  were 
Samoans  in  the  Samoan  \'illage,  Javanese  in  a  Javanese  village, 
Chinese  in  a  Chinese  village,  Irish  in  an  Irish  village,  &c.,  &c. 
There  were  two  Irish  villages.  There  was  the  village  gathered  round 
Blarney  Castle,  in  which  they  exhibited  the  Blarney  Stone ;  but 
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when  it  was  found  that  the  Blarney  Stone  had  not  been  moved 
to  Chicago,  they  said  it  was  a  stone  from  Blarney,  which  was  all 
the   same  thing.     In  these  huts  of  Hottentots  and  Samoans, 
Chinese,  Japanese,  Turks,  and  Javanese,  and  in  the  Cairo  street, 
were  incandescent  lamps  and  arc  lamps.     In  the  cottages — ^where, 
naturally,  they  hardly  could  support  a  rush  lamp — ^you  saw  the 
strange  incongruity  of  a  hanging  incandescent  lamp  to  light  the 
building.    It  was  a  very  notable  feature  to  those  who  notice  such 
things ;  but  I  suppose  the  average  visitor  only  went  to  see  the 
show,  and  that  to  him  the  incandescent  lamp  was  not  a  part  of 
it ;  but  at  the  same  time  these  exhibitions  would  not  have  been 
so  successful  if  they  could  not  have  been  lighted  in  the  more 
modem  and   civilised   way.     Incandescent   lighting  was  a  very 
pretty  exhibit  in  the  illumination  of  the  Ferris  Wheel,  some  250 
feet  in   diameter,  the  topmost   part  being   264  feet  from   the 
ground.      The  circles   of  this  wheel    were   illuminated  by  in- 
candescent lamps,  and  the  spokes,  and  parts  in  the  towers  which 
supported  the  wheel.     At  night  it  was  a  very  pretty  sight.    There 
were  some  2,000  incandescent  lamps  used  for  the  purpose  of 
illuminating  the  wheel.     They  had  a  separate  or  isolated  plant 
from  that  used  for  illuminating  the  mass  of  the  Exhibition  itself. 
I  am  sorry  that  time  is  so  limited,  it  being  so  much  past  your 
usual  hour  of  adjournment ;  because,  so  far  as  the  Exhibition  is 
concerned,  I  am  full  of  it,  and  could  tell  a  great  deal.     I  wish, 
however,  to  make   one   remark,  which  is  perhaps  a  little   self- 
laudatory,  with  regard  to  the  telegraphs.     It  struck  me  as  Mr. 
Preece  was  speaking  of  the  telegraphs.     In  San  Francisco — where 
I  have  been  manufacturing  electrical  apparatus,  dynamos,  motors, 
and  80  forth — the  Postal  Telegraph  Company,  as  an  experiment, 
put  in   a  motor   dynamo,   run   from   the  incandescent  lighting 
circuit  of  the  city,  and  from  the  dynamo  draw  various  differences 
in  potential,  or  electro- motive  forces,  for  the  working  of  their 
several  lines — some  50  to  60  different  lines,  and  several  different 
electro-motive   forces,   from    350    volts    positive    and   negative, 
making  a  total  difference,  if  need  be,  of  700  volts,  for  working 
their  quadruplex  system,  down  to  45  volts,  for  working  their  short 
lines — from  the  one  commutator  and   the  one  dynamo  without 
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sparking ;  and  up  to  the  time  I  last  heard — some  two  months  Dr.  Keith. 
ago — it  had  then  been  working  six  months,  with  a  great  deal  of 
success.  We  made  for  them  two  motor  dynamos,  so  that  if  one 
get«  out  of  order  the  lines  can  be  immediately  thrown  to  the 
other,  for  safety ;  but  they  have  had  no  accident  so  far.  I  should 
be  pleased  to  give  the  particulars  of  the  construction  to  anyone 
who  may  desire  them. 

The  Prestoent:   Gentlemen, — I  think  our  best  thanks  are  The 

'  ,  President. 

due  to  Mr.  Preece  for  having  brought  his  trip  to  such  a  very 
advantageous  conclusion  for  this  Institution  that  we  have  been 
able  to  accompany  him — or,  I  ought  to  say,  you  have  been  able 
to  accompany  him  in  spirit  on  his  trip,  as  I  had  the  privilege  of 
doing  in  body.  At  this  late  hour  I  will  not  enter  upon  any 
detail,  but  simply  ask  you  to  pass  a  hearty  vote  of  thanks  to 
Mr.  Preece. 

The  resolution  was  carried  by  acclamation. 


The  President:  I  have  to  report  that  the  scrutineers  declare 
the  following  candidates  to  have  been  duly  elected  : — 

Foreign  Members  : 

Oscar  Bihet.  |      Samuel  G.  Neiler. 

Richard  Henry  Pierce. 


Associates : 


Henry  John  Andrews. 
Philip  Francis  Anstruther. 
Frank  Ayton. 
H.  Brookes-Edwards. 
Cox  Pearson  Chambers. 
William  Challoner. 
George  Granville  Clarke. 
William  Henry  Eaves. 


Charles  Lewis  French. 

.John  Grant. 

C.  J.  Whistler  Hanson. 

W.  Marshall  Huskisson. 

William  John  Kelly. 

John  William  Leyshon. 

Alfred  Marshall. 

Alfred  Ernest  Le  Hossignol. 


Augustus  Eckstein.  '       Thomas  William  Skinner. 

Michael  Birt  Field.  Frank  H.  Starling. 
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Students: 


Gerald  Carlyle  Allingham. 
Frank  Armstrong. 
Walter  James  Belsey. 
James  Herbert  Edwards. 
William  R.  Elliott. 
Louis  Henry  Euler. 
William  Fennell. 
Herbert  Francis  Hunt. 
Lionel  C.  Johnson. 


Albert  Henry  Joyner. 
Philip  E.  Lewis. 
W.  M.  Nelson. 
William  Samuel  Parsons. 
Eliot  Charles  Pringle. 
John  Thomas  Redmayne. 
Charles  Alfred  Spon. 
Frederick  William,  Baron  de 
Tuyll. 


The  meeting  then  adjourned. 
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ABSTRACTS. 


8.  J.  LOCKVEB— ON  THE  ELONGATION  PRODUCED  IN  SOFT 
IRON  BY  MAGNETISM. 

(Philosophical  Magazine ,  Vol.  36,  No,  223,  p,  498.) 

The  author  used  for  his  researches  an  instrament  resembling  in  its  essential 
features  a  Michelson  interferential  refractometer,  of  great  sensibility,  the  elonga- 
tion being  measured  by  means  of  a  mirror,  and  the  limit  of  sensibility  being  lower 
than  one-millionth  of  an  inch.  He  found  that  the  route  by  which  a  certain 
magnetising  force  had  been  arrived  at  affected  the  amount  of  expanfion  for  that 
force,  the  expansion  varying  for  rising  and  falling  currents  in  a  curve  very  similar 
in  shape  to  the  hysteresis  cycle. 

His  general  results  may  be  summed  up  as  follows : — They  indicate  that  the 
expansion  is  a  function  of  the  ratio  between  the  diameter  and  the  length,  and  that 
^  elongation  varies  directly  as,  possibly,  the  square  root  of  this  ratio.  Also,  that 
the  expansion  varies  directly  as  the  permeability.  That  the  amount  of  magnetising 
force  required  to  produce  the  maximum  expansion,  and  the  point  of  no  expansion, 
depends  on  the  ratio  between  the  diameter  and  the  length.  That  there  are  two 
maxima — one  produced  by  increasing  the  current,  and  another  by  decreasing  the 
current  from  the  point  which  produced  the  first  maximum.  That  the  first  contact 
gives  more  expansion  than  the  second  and  following  contacts ;  and,  further,  that 
hese  appear  to  disagree  among  themselves,  the  expansion  falling  off  with  sub- 
sequent contacts.     The  paper  is  fully  illustrated  with  tables  and  diagrams. 


S.  KBNHIO— THE  PERMEABILITY  OP  OXYGEN. 

{Wiedemann's  Annalen^  Vol.  50,  NoT  11,  p.  486.) 

This  is  an  account  of  a  new  determination  of  the  relative  permeability  of 
oxygen  amd  atmospheric  air  by  Toepler's  method,  the  principle  of  which  is  as 
follows : — ^A  glass  tube  of  small  internal  diameter  has  a  slight  bend  in  it,  and  is 
placed  symmetrically  in  a  magnetic  field,  the  bend  being  downwards  and  filled  with 
a  short  thread  of  some  liquid,  the  arms  on  either  side  being  filled  with  the  gases 
whose  permeability  is  to  be  compared.  If  one  gas  is  more  permeable  than  the 
other,  it  is  attracted  with  greater  force  into  the  magnetic  field,  and  this  action  is 
balanced  by  the  force  of  ^avity  against  which  the  thread  of  liquid  has  to  be  raised. 
Any  want  of  uniformity  in  the  field  can  be  detected  by  filling  both  limbs  with  the 
same  gas  and  observing  the  deflection,  and  formnlie  are  worked  out  for  the 
difference  in  permeability,  with  this  correction.  Methods  of  measurement  of  the 
field  are  discussed,  and  Weber's  hi  filar  method  is  preferred,  owing  to  the  small  size 
of  the  requisite  apparatus  and  the  long  range  of  the  values  which  may  be  accurately 
determined.  The  mean  error  of  the  autbor*s  observations  is  about  8^  per  cent., 
and  the  probable  error  is  1  per  cent. 
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•    The  following  table  gives  the  anthor*6  result,  coaipired  with  other  obserTers*:- 


Observer. 

Temperature. 

Pressure. 
Atai. 

(aj--M,)x  10«. 
reduced  to  1  Atm. 

QalDcke 

16° 

1-8 

0097 

40 

0126 

Dn  Boie 

15° 

1 

0-093 

Cnrie     

20° 

5-20 

0121 

Hennig 

26° 

1-4 

0-006 

B.  SZAPIBO— THE  USE  OF  VOLTMETERS  IN  ALTERNATE- 
CURRENT  STATIONS. 

(Ehktrotechmsche  Zeitschri/t,  No.  32,  1893,  p.  466.) 

The  author  remarks  on  a  small  correction  necessary  in  voltmeters  containing 
iron  when  nsed  with  alternating  currents.  He  points  ont  that  the  reading  of  the 
voltmeter  depends,  not  merely  on  the  frequency,  but  also  on  the  shape,  of  the  alter- 
nate pressure  wave.    He  starts  with  the  general  equation, 

E*  —  El  sin  TO  <  +  Ej  sin  (3  m  f  +  a)  +  Ej  sin  (6  w  <  +  jB)  + 

representing  anj  curve  which  is  symmetrical  as  regards  the  axis  of  abscissee,  and 
works  out  values  for  the  effective  current ;  from  which  he  draws  the  general  con- 
clusion that  in  a  certain  circuit  of  given  resistance  and  self-induction  the  strength 
of  current  for  a  given  effective  pressure  varies  with  the  shape  of  the  pressure  curve. 
In  particular,  where  the  self-induction  is  relatively  small  the  strength  of  current  is 
independent  of  the  pressure  curve;  when  the  curve  is  nearly  a  sine  function»  and  the 
resistance  of  the  circuit  comparatively  large,  no  very  great  difference  occurs  in  the 
value  of  current  with  different  E.M.F.  curves. 

But  if  the  resistance  and  self-induction  are  of  the  same  order  of  magnitude,  the 
differences  in  current-strength  may  be  very  noticeable.  And  in  taking  the  par- 
ticular case  of  a  Ganz  machine  the  author  finds  for  a  voltmeter  of  resistance  1,000 
and  coefficient  of  self  induction  =  1  that  the  error  is  about  8  per  cent.  The  author 
therefore  advises  that  all  iron  instruments  should  be  calibrated  on  the  alternator 
for  use  with  which  they  are  designed. 


Lord  KELVIN—ON  A  PIEZO-ELECTRIC  PILE. 
(Philosophical  Mufjazwe,  Vol.  On,  No,  221,  p,  842) 
This  is  a  description  of  an  apparatus  constructed  by  the  author,  brieBy  as 
follows : — Twenty -four  double  plates  of  zinc  and  copper  soldered  together  are  taken, 
and  the  comers  of  the  zinc  plates  cut  off,  in  such  a  manner  that  one  side  of  the  plate 
is  a  square  of  8  centimetres  of  copper,  and  the  other  a  similar  sheet  of  zinc,  but  with 
the  comers  removed  and  showing  the  copper.  These  plates  are  piled  together  with 
distance  pieces  in  such  a  manner  that  an  air  space  of  3  or  4  mm.  is  formed  between 
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the  zinc  of  one  and  the  copper  of  the  next  Connect  the  bottom  and  top  plates  to 
the  quadrants  of  an  electrometer,  and  discharge  all  parts  of  the  apparatus ;  and  then 
let  a  weight  of  a  few  pounds  fall  from  an  inch  or  so  on  to  the  top  plate  and  rest 
there.  A  startlingly  great  deflection  is  produced,  and  if  the  zinc  is  at  the  top  it 
becomes  positively  charged.  A  similar  instrument  was  invented  by  Messrs.  J.  &  P. 
Curie,  and  described  in  1881. 


J.  T&OWBBZDGE— ON  THE  OSCILLAnONS  OF  LIGHTNING 

DISCHARGES  AND  OF  THE  AURORA  BOREALIS. 

(PhiioMCphical  Magazine,  Vol.  36,  Nc.  221,  p.  3i3.) 

When  air  is  subjected  to  a  sudden  strain  duo  to  an  electrical  discharge,  it  acts 
like  an  elastic  solid,  and  cracks  in  zigzag  fissures,  and  through  the  ciack  thus 
produced  by  the  first  oscillation  the  subsequent  ones  take  place.  The  author  has 
made  some  new  photographs  of  sparks  by  the  rotating  mirror  method,  using  an 
alternator  and  a  step-up  oil  transformer  and  a  Ruhmkorff  coil ;  an  idea  of  the 
power  employed  being  given  by  the  fact  that  when  the  sparks  were  passed  through 
the  secondary  of  a  transformer  (turns  not  given),  the  primary  circuit  of  two  layers 
of  thick  wire  lighted  three  50-volt  Edison  lamps  in  parallel.  The  photographs  are 
given,  and  are  exceedingly  interesting.  From  10  to  12  oscillations  can  be  traced, 
about  three  in  the  same  path,  the  time  interval  being  about  one  hundred-thousandth 
of  a  second.  For  three  hundred-thousandths  of  a  second,  therefore,  the  air  remains 
passive,  and  the  heat  is  not  conducted  away. 

With  reference  to  the  question  of  lightning,  the  author  refers  to  its  inductive 
effects  on  electric  circuits:  he  notes  that  lamps  often  "  blink,"  and  sometimes  go 
out,  when  a  lightning  flash  takes  place  in  the  neighbourhood.  He  consideis  it 
dangerous  to  put  electric  supply  wires  on  gas  fittings  for  this  reason,  and  has  known 
a  gas  leak  to  be  thus  ignited. 

The  photographs  show  that  after  a  few  oscillations  the  discharge  ceases  to  be 
disruptive,  and  becomes  a  brush  glow— as  in  the  case  of  a  vacuum  tube ;  and  the 
author  considered  the  latter  case  to  be  allied  to  Aurora  Borealis.  He  therefore 
experimented  with  stratified  discharges,  and  found  that  period  of  oscilktion  had  no 
effect  on  the  distance  of  the  stratifications  apart.  Self-induction  also  has  no  effect 
but  resistance  has.  On  the  other  hand,  transitory  stratification  can  be  produced  by 
applying  the  finger  or  other  earth  connection  to  a  vacuum  tube.  The  author 
therefore  considers  that  the  waving  of  the  Aurora  Borealis  is  due  to  intermittent 
or  moving  earth  connections  due  to  damp  air  or  cloud.  He  sees  no  reason  to 
believe  in  the  rapid  oscillation  of  the  Aurora. 


J.  SIKULKA-EXPLANATION  OF  THE  FERRANTI  PHENOMENON. 

{EltktrotechnUche  Zcitschrift,  1898,  No,  62,  p.  739.) 

One  of  the  most  remarkable  of  the  so-called  Ferranti  effects  is  the  rise  in 
the  ratio  of  transformation  of  a  transformer  whose  primary  is  coupled   to  an 
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alternator,  and  whose  secondary  is  connected  to  a  condenser  of  capacity  not 
exceeding  a  certain  value ;  under  which  circumstances  the  primary  volts  rise, 
and  the  primary  current  falls. 

The  author  shows  in  the  first  instance,  from  theoretical  considerations,  that  the 
explanation  of  the  phenomenon  is  caused  hy  so-called  *'  drop,"  or  leakage  of 
magnetic  inductioni  and  proceeds  to  describe  some  experiments  bearing  out  his 
theory. 

Supposing  Lj  and  L,  the  coefficients  of  self-induction  of  the  two  circuits,  and 
M  their  mutual  induction,  and  if  N^  and  N,  are  the  respective  number  of  turns, 
then,  if  there  be  no  magnetic  leakage,  M'  —  L^  L,«  and  the  transformation  ratio  is 
V  -  N,  :  N^ ;  but  if  there  is  leakage,  then  M«  is  less  than  L^  L„  and  V  is  less 
than  N,  :  Ni,  or,  as  is  well  known,  the  ratio  of  transformation  is  reduced.  Now, 
if   the   secondary    be   coupled    to   a   condenser   of   capacity    C,   L,    becomes 

^t  ■"   To \rn»  where  n   is  the  frequency ;    and  in  this  case,  where  there  Is 

magnetic  leakage  V  becomes  greater  than  N,  :  Nj — ^that  is  to  say,  the  transformation 
ratio  is  raiaed,  and  depends  on  the  capacity  of  the  condenser.  The  apparent  re- 
sistance of  the  primary,  and  the  primary  volts  of  the  transformer  are  raised,  while 
the  primaiy  current  falls. 

In  the  remaining  part  of  the  paper  are  described  experiments  made  with  a 
transformer  having  a  cylindrical  core  made  of  iron  wires,  and  wound  with  four 
layers  of  73  turns  on  one  quarter  of  its  length,  and  on  the  remaining  three-quarters 
with  four  layers  of  219  tum«.  If  these  be  used  as  primary  and  secondary 
respectively,  the  magnetic  leakage  is  naturally  very  great,  and  the  transformation 
ratio  was  only  1*88  on  open  circuit ;  while,  if  a  condenser  was  in  the  secondary,  of 
about  5  microfarads  capacity,  the  transformation  ratio  rose  18  per  cent. 

On  the  other  hand,  if  the  magnetic  leakage  were  reduced  by  completely  super- 
posing the  primary  and  secondary,  the  ratio  rose  from  2 '7  to  2*74,  or  only 
one  and  a  half  per  cent.  The  author  concludes  that  there  is  no  reasonable  doubt 
that  in  magnetic  leakage  lies  the  whole  explanation  of  this  phenomenon. 


B.  J.  KOLLAHD— ALTERATION  OF  THE  CONDUCTIVITY  OF  A 
SOLUTION  BY  ADDITION  OF  SMALL  QUANTITIES  OF  A 
NON-CONDUCTOR. 

(Wiedemann's  Annalen,  Vol  50,  No,  10, p.  261.) 

The  author  tried  solutions  in  methyl  alcohol  of  various  salts,  such  as  the  nitrates 
of  potassium,  sodium,  and  ammonium,  and  several  chlorides.  The  non-conductors 
were  inch  as  did  not  affect  these  salts — benzol,  toluol,  xylol,  oil  of  turpentine, 
glycerine,  Ac, — and  the  determinations  of  resistance  were  by  the  Kohlrausch 
telephone  method.  The  following  were,  briefly,  the  conclusions  arrived  at : — ^The 
electrical  conductivity  of  a  methyl-alcohol  solution  of  an  electrolyte  diminishes 
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with  the  addition  of  a  non-condactor  by  an  amount  raiying  with  the  nature  of  the 
non-conductor  and  its  strength ;  the  aboye-mentioned  materials— benzol,  toluol, 
xylol,  and  oil  of  turpentine^affect  the  conductirity  in  that  order,  the  last  being 
most  powerful  The  temperature  coefficients  of  the  alcoholic  solutions  become 
greater  as  the  solution  is  made  weaker ;  they  are  about  half  as  great  as  those  of  the 
corresponding  aqueous  solutions,  and  are  influenced  to  a  veiy  small  extent  by  the 
presence  of  a  non-conductor. 


r.  SCKinUIE-BBBGS— ROTATING  AIR  FUMP. 

(  Wied^mamCa  Annalen,  Vol.  50,  No.  10,  p.  368.) 

To  combine  the  advantages  of  the  high  vacua  produced  by  the  Sprengei  and 
Geissler  pumps  with  a  greater  rapidity  of  working,  the  author  has  devised  a  rotating 
mercury  air  pump,  here  fully  described.  Tbe  pamp  vessel  is  a  curved  tube 
returning  on  itself,  attached  to  an  axis  on  which  it  can  rotate.  A  mass  of  mercury 
flowing  in  the  interior  of  the  tube,  and  partially  filling  it,  id  arranged  to  produce 
the  vacuum  on  one  side  and  expel  the  air  on  the  other,  tbe  connection  to  the  pump 
vessel  or  the  f^mosphere  being  effected  by  suitable  cocks  or  valves.  The  best  form 
into  which  this  pump  has  been  developed  is  the  one  called  by  the  author  **  donble- 
*'ring  pump,"  in  which  the  air  expelfed  by  the  firat  tube  has  to  pass  the  second 
before  reaching  outer  air.  It  is  of  simple  construction,  and  produces  a  very  high 
vacuum  by  simple  rotation,  and  can  be  belt-driven.  When  precautions  are  taken 
to  have  the  apparatus  and  all  its  parts  thoroughly  dry,  vacua  can  be  obtained  which 
surpass  the  limits  of  accurate  measurements  on  McLeod^s  apparatus.  The  pump 
already  made,  having  a  capacity  of  about  1  litre  in  the  ring  (pump  vessel),  can  be 
rotated  about  15  times  per  minute. 


O.  DBTTMAB  — EXPERIMENTS    ON   "  KRUPPIN,"  A   NEW 
RESISTANCE  MATERIAL. 

(Eiektroiechniitche  Zeitachri/t,  1893,  No.  50,  p.  710.) 

This  is  a  new  metallic  alloy  produced  by  Messrs.  Krupp,  of  Essen,  and 
disdngoisfaed  by  a  high  specific  resistance.  The  accompanying  tables  and  values 
give  the  qualities  of  the  new  material. 

Specific  resistance  »  88  microhms  per  c.c. 

This  value  is  about  50  times  that  of  pure  copper. 

Temperature  coefficient  -  013  %  per  1°  C 

The  following  is  a  table  of  carrying  power.  The  limit  of  temperature  for  the 
spirals  is  taken  as  that  at  which  the  wire  <*  spits  "  when  touched  with  the  moistened 
finger.  The  spirals  are  in  eveiy  cise  wound  wit^  that  amount  of  spacing  which  is 
most  favourable  for  the  cooling  of  the  wire. 
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Dianu 
Mm. 

Resistance. 

Ohms 
per  Metre. 

CiTRRBKT  CaMUKD  BT  SPIBAL. 

In  Air. 

On  Insulating  Cylinder. 

Constant  Load. 

One  Minute  Load. 

Constant  Load. 

One  Minute  Load. 

0-5 

4-28 

1-0 

2-0 

80 

6-0 

0-8 

1-657 

2-0 

4-6 

70 

16-0 

1-0 

1-058 

80 

6-5 

90 

20-0 

1-4 

0539 

4-5 

120 

18-0 

28-6 

IG 

0-418 

6-5 

16-5 

14-6 

81-5 

2-0 

02C4 

75 

28-0 

180 

87-6 

2o 

0169 

105 

84  0 

21-2 

43-6 

30 

0-1175 

14-0 

450 

235 

48-5 

3-5 

0-0862 

17-5 

600 

— 

— 

4-0 

00661 

21-5 

75-0 

— 

— 

J.  KLBMBHCIC— ABSORPTION  AND  DISTRIBUTION  OF  ELECTRIC 
OSCILLATIONS  IN  WIRE  NETWORKS. 

{Wiedemann's  Annalen,    Vol.    50,  No,    11,  p,   466.) 

The  anthor's  method  of  measuring  the  energy  converted  into  heat  at  anj  given 
point  consists  in  placing  close  against  the  ii\ire  a  thermo-electric  couple  of  fine 
wires,  from  which  he  determines  the  amount  of  rise  of  temperature  in  the  wire  hj 
means  of  its  radiation  on  to  the  thermo-electric  junction.  The  oscillations  were 
produced  in  the  manner  described  by  Hertz.  The  exciter  for  the  primaiy  oscilla- 
tions consisted  of  two  brass  plates  of  30  cm.  diameter,  connected  by  a  conductor 
containing  the  spark  gap;  the  secondary  inductor  being  precisely  similar,  but 
having  no  spark  gap :  this  was  replaced  in  the  heating  experiments  by  two  experi- 
mental wires  in  series,  and  in  the  distribution  experiments  by  the  same  wires  in 
parallel.  The  length  of  these  wires  was,  at  most,  6  cm. ;  in  a  secondary  conductor, 
89  cm.  long.  The  thermo-electric  wires  were  at  right  angles  to  these,  and  were 
used  with  a  Thomson-Carpcntier  galvanometer.  The  author  arrives  at  the  follow- 
ing conclusions  ; — ^The  resistance  on  which  the  development  of  heat  depends  is,  in 
the  case  of  electric  oscillations  of  great  rapidity,  determined  by  the  material  itself, 
and  by  its  magnetic  permeability.  Wires  of  iron,  German  silver,  brass,  and 
copper,  of  6  cm.  length  and  0018  cm.  radius,  gave  a  development  of  heat  approxi- 
mately in  the  ratio  of  10-5  :  175 :  1-0 :  1-0  (copper  probably  too  large).  Apply 
to  these  observations  the  Stefan  formula. 


V  =  l- 


hxPi 


where  V  is  the  ratio  of  the  amounts  of  heat  produced,  r  and  r^  the  resistances, 
fa  and  /A|  the  magnetic  permeabilities,  and  p  and  p^  the  specific  resistances  of  two 
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wires  of  eqnal  diameter  and  different  materials,  subjected  to  electric  currents  of 
the  same  strength  and  frequency ;  the  author  finds  the  formula  fit  well  for  the  pair 
German  silrer-brass,  but  less  well  for  German  silver-copper. 

The  author  finds,  in  addition,  that,  as  was  to  be  expected,  the  distribution  of 
high'freqnencj  oscillatory  currents  depends  on  the  self-induction,  and  not  on  the 
resistance,  of  the  branches  of  the  network. 


K.  B.  SOCK— A  SIMPLE  METHOD  OF  MEASURING  THE 
CONDUCTIVITY  OF  DIELECTRIC  LIQUIDS. 

(  Wiedemann's  Annalen,  VoL  50,  No,  ll,/>.  482.) 
If  a  dielectric  liquid  possesses  a  conductivity  electrolytic  in  its  nature,  then 
two  electrodes  connected  with  a  battery  will  become  polarised  after  immersion  in 
the  liquid  for  a  certain  time ;  and  this  phenomenon  is  best  observed  by  Dewar*s 
modification  of  Lippmann's  capillary  electrometer.  A  drop  of  the  liquid  under 
observation  is  placed  in  &  horizontal  tube  about  1  mm.  in  diameter,  which 
communicates  on  either  side  with  vessels  of  mercury,  and  is  filled  up  to  the  level ' 
of  the  communication  tube  with  mercury.  If  the  two  sides  are  joined  up  to  the 
poles  of  a  battery,  the  drop  begins  to  move  in  one  or  the  other  direction  if  the 
substance  conducts  electrolytically,  and  polarisation  sets  in  at  the  mercury  surface 
at  the  opposite  side.  With  poor  conductors  the  drop  should  not  exceed  about 
^  mm.  in  length. 

The  author  found  that  all  dielectric  liquids,  without  exception,  that  he  tried, 
showed  polarisation,  and  in  the  same  sense ;  but  he  considers  that  this  is  in  some 
cases  due  to  impurities — for  this  reason,  that  if  the  current  is  left  on,  the  move- 
ment of  the  drop  is  much  less  marked.  The  author  took  benzol,  prepared  in  the 
highest  possible  condition  of  purity,  and  dried  and  cleaned  all  the  apparatus,  and 
used  mercury  after  repeated  distillation:  it  showed,  just  as  commercial  benzol  did, 
strong  polarisation.  But  when  the  mercury  was  poured  in  hot  into  a  warmed 
electrometer  (about  120°  C.)  there  was  no  polarisation,  even  at  high  electro-motive 
forces ;  and  the  former  polarisation  was  probably  due  to  moisture  on  the  surface 
of  the  mercury.  The  great  advantage  of  the  method  is  its  extreme  delicacy ;  but 
the  difficulties  of  procuring  perfect  cleanliness  in  all  parts  are  very  great. 


J.  SAHULKjL— MEASUREMENT   OF  THE  CAPACITY  OF 

CONDENSERS  WITH  ALTERNATING   CURRENTS. 

{EUktrotechnische  Zeitschri/t,  No.  62,  1893,  p.  789.) 

The  author  calls  attention  to  the  fact  that  condensers  with  solid  dielectrics 
have  a  greater  capacity  when  measured  with  direct  currents  than  that  found  by 
alternate-current  methods ;  he  explains  this  by  the  fact  that  "  soaking  "  of  the 
charge  occurs  with  direct  currents  and  takes  an  appreciable  time,  and  that  part  of 
the  quantity  of  electricity  which  passes  into  or  out  of  the  condenser  by  reason  of 
this  soaking  is  measured  by  the  galvanometer  in  direct-current  methods.  When 
charge  and  discharge,  on  the  other  hand,  take  place  with  great  rapidity,  as  in  an 
VOL.  XXIII.  7 
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ailterbating-ciirrent  method,  there  is  no  time  for  aoaking,  and  the  qoaaUtj  paaiiag 
in  and  ont  is  therefore  less.  He  proposes  to  define  the  capacity  of  a  condenser  for 
alternate  currents  as  follows : — ^The  capacity  of  a  condenser  in  an  altemate-cnxrent 
drcnit  is  eqnal  to  the  reciprocal  of  the  product  2  *•  n,  mnltiplied  by  the  inductive 
resistance ;  the  latter  heing  the  quotient  of  the  rolts  in  the  condenser  divided  by 
the  current  flowing  in  its  circuit.  As  an  instance  of  the  kind  of  difference  which 
occurs,  a  condenser  made  of  paraffined  paper,  and  having  a  capacity  of  about  1 
microfarad,  was  reduced  in  capacity  by  14  per  cent,  on  an  alternating  current 


O.  V.  TULB-ON  THE  PASSAGE  OF  ELECTRIC  WAVE-TRAINS 
THROUGH  LATERS  OF  ELECTROLYTE. 

(PhiloMopMeal  Magazine,  Vol  86,  No.  223,  p.  581.) 

Professor  J.  J.  Thomson  attempted  in  1888  to  compare  the  resistances  of 
electrolytes  with  rapidly  alternating  currents,  using  electric  relation.  He  placed 
a  dish  containing  the  electrolyte  in  a  thin  layer  between  an  oscillator  and  a 
resonator,  under  which  circumstances,  if  the  layer  be  thio,  the  thickness  of  liquid 
required  to  just  extinguish  the  sparks  is  inversely  proportional  to  its  conductivity. 
The  author,  in  repeating  more  accnrately  these  experiments,  propagated  his  waves 
between  a  pair  of  parallel  wires  of  great  length,  a  certain  poition  of  which  was 
immersed  in  the  absorbing  liquid ;  measurements  were  made  by  the  electrometer. 
It  was  immediately  noticed  that  the  transmitted  intensity,  instead  of  decreasing 
logarithmically  with  increased  thickness  of  liquid,  decreased  and  increased  periodi- 
cally, and  made  an  exact  determination  of  the  conductivity  impossible ;  but  the 
results  are  of  interest,  since  they  show,  interference  phenomena  analogous  to  those 
of  light  transmitted  through  thin  plates.  Independently  of  a  slight  absorption,  a 
layer  a  quarter  of  a  wave-length  thick  transmitted  a  minimum,  one  of  half  a  wave- 
length a  maximum,  and  so  on.  The  effect  is  best  shown  in  distilled  water,  where 
the  absorption  is  very  low,  and  the  intensity  has  maxima  at  0  cm.,  55  cm.,  and 
109  cm.  thickness  of  dielectric ;  but  is  also  well  shown  in  alcohol,  with  a  TnnTimum 
at  0  cm.  and  80  cm.  (about).  From  these  resnlts  the  author  calculates  the 
dielectric  constants  of  the  various  solutions  experimented  upon  from  the  formala, 

where  k  is  the  dielectric  constant^  n  the  coefficicDt  of  refraction,  and  ka  and  Xg  the 
wave-lengths  in  air  and  solution  respectively ;  for  small  absorption  the  latter  is 
taken  as  twice  the  distance  of  the  first  maximum  from  zero. 
The  valoes  are  as  follows :— 


Substance. 

Befnotion  Coefficient 

Dielectric  Constant. 

Water 

8-83 

69-5 

Zinc  sulphate           -v 
(different  strengths)  j 

8-49 

720 

8-65 

74-9 

Alcohol  (95  %) 

5-17 

2C-7 

8  vols,  alcohol  ^ 

5-84 

841 

1  vol.  water     > 

Wave- 

length 

in  air 

-  900  cms. 
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Thli  temdt  for  water  is  rather  lower  dian  that  obtained  by  other  obsenrerv, 
whose  Talues  varj  from  70  to  84  for  the  dielectric  constant  This  is  acconnted  for 
by  the  fact  that  some  of  the  wave  flows  outside  the  jar  instead  of  through  the  liquid, 
and  ttiis  portion  a&ifts  the  maximnm  forward,  making  it  more  near  to  the  air  value. 

A  note  f<dlow8  on  the  theory  of  these  effects. 


AWW.— ETCHING  BY  THE  AID  OF  ELECTRIC  CURRENT. 
(EUktrotechnische  ZtiUehrifl^  1893,  No,  44,  p.  638.) 

A  wire  if  soldered  to  the  plate  to  be  etched,  by  means  of  which  an  electric 
current  is  passed  through  the  etching  solution,  which  is  made  much  more  dilute 
than  in  the  case  of  ordinary  etching.  The  action  is  much  increased  in  intensity, 
and  in  many  cases  acids  which  under  ordinary  circumstances  are  inert,  can  be 
Qsed ;  as,  for  instance,  copper  and  weak  sulphuric  acid. 

Some  details  of  the  process  are  given  by  the  inventor. 


F.  B0I7CKBB0T— ON  THE  COST  OF  HIGH-PRESSURE  LINES. 
(£a  Lumih-e  Electrique,  Vol  60,  No.  52,  p,  601.) 

It  has  usually  been  the  custom  to  give  preference  to  continuous  currents  rather 
than  to  alternating  currents  for  purposes  of  transmission  of  power,  on  the  ground 
that  1,000  effective  alternating  volts  correspond  to  a  maximum  F.D.  of  1,400 
volts;  and  consequently  the  line  for  an  alternating  current  will  coat  twice  as 
much  as  a  continuous-current  line  for  the  same  power,  as  the  weight  of  copper  for 
equal  effioiencies  varies  inversely  as  the  square  of  the  voltage. 

Expwience  has  proved  this  reasoning  to  be  erroneous,  since  the  pressures  used 
with  alternating  currents  are  considerably  above  those  for  continuous  currents ; 
another  advantage  in  favour  of  the  former  being  the  absence  of  electrolytic  action 
in  the  case  of  leakage,  but  a  disadvantage  is  that  for  the  same  power  and  volt- 
age the  mains  have  to  be  larger  in  section  for  alternating  currents^  on  account  of  lag 
due  to  self-induction.  Lines  may  be  roughly  divided  into  two  large  groups- 
overhead  and  underground. 

It  is  diflScult  to  apply  Lord  Kelvin's  rules  to  underground  lines  on  account 
of  the  heavy  insulation,  which  necessarily  alters  with  the  pressure  employed,  and 
also  on  account  of  their  capacity.  Lord  Kelvin  has  shown  that  the  total  cost 
of  transmitting  energy  .through  a  wire  is  a  minimum  when  the  value  of  the  power 
annually  dissipated  in  heat  in  the  wire  is  equal  to  the  interest  on  the  capital  outlay 
on  the  conductor. 

The  annual  cost  of  transmitting  energy  consists  of  two  parts— energy  lost  In 
the  conductor  itself,  and  interest  and  depreciation  on  the  capital.  Approximately, 
the  loss  of  energy  in  the  conductor  is  inversely  proportional  to  the  cross  section  of 
the  line. 

The  annual  expenditure  may  be  expressed  algrebralcally, 
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The  prodact  of  these  terms  remains  constant ;  the  minimum  yalne  maj  correspond 
*o  /o  a 

The  cost  of  the  line  itself  may  he  divided  into  two  parts— the  cost  of  laying, 
and  of  insulating  supports,  these  heing  almost  independent  of  the  section  of  the 
line ;  and,  secondly,  the  cost  of  copper. 

In  certain  cases  Thomson's  rales  assume  different  forms— >for  instance,  when  it 
is  a  question  of  utilising  water  power ;  bat  in  either  case  the  result  is  independent 
of  the  length  of  the  line ;  for  each  of  the  terms  involved  increases  proportionally 
with  the  length  of  line. 

The  problem  of  economical  transmission  through  an  overhead  line  with  any 
given  pressure  is  simpler  than  with  an  underground  line. 

Assuming  no  capacity  in  the  system,  the  annual  expense  is  then  the  sum  of 
the  following  items : — 

(1.)  The  cost  of  waste  energy  per  annum,  which  is  inversely  proportional  to 
the  square  section. 

(2.)  Interest  on  capital  outlay  on  copper,  which  is  proportional  to  section. 

(8.)  Interest  on  capital  outlay  on  insulation,  depending  on  the  voltage,  since 
this  determines  the  amount  of  insulation. 
This  third    part   may    be    considered    as  proportional    to    voltage  and  to  the 
diameter  of  cable.    As  in  most  cases,  Y  is  determined  beforehand.    The  minimum 
^ost  then  becomes^ 

«,  +  /5<  ""*-«"', 
or  which  may  be  written, 

a  ««  +  /B  s^  =  1       (1) 

It  may  be  necessary  in  cases  to  find  the  most  economical  voltage  to  use,  for  in 
the  case  of  underground  lines  it  is  not  the  highest  voltage  which  gives  maximum 
economy,  on  account  of  the  heavy  insulation  necessary. 

The  minimum  cost  may  then  be  taken  as, 

a  +  3V«*==  «■' (2) 

The  three  following  points  deserve  attention : — 

(1.)  If  we  suppose  the  voltage  to  vary,  with  the  assumption  that  the  loss  in 
line  is  a  constant,  then  the  section  or  price  of  copper  will  vary  inversely  as  the 
square  of  voltage. 

The  price  of  insulation  is  determined  by  its  thickness,  which  is  proportional 
to  voltage,  and  its  circumference  is  proportional  to  the  square  root  of  the  section — 
that  is  to  say,  inversely  proportional  to  the  voltage ;  its  price  then  remains 
constant,  whatever  be  the  voltage. 

The  annual  cost  is  then  the  sum  of  three  terms,  two  of  which  are  constant 
(loss  and  insulation),  and  the  third  inversely  proportional  to  square  of  voltage. 
It  then  becomes  an  advantage  to  raise  the  voltage. 

(2.)  If,  on  the  other  hand,  the  weight  of  copper  is  to  be  a  constant,  the  price  of 
the  insulation  will  be  proportional  to  Y.  The  annual  expenditure  will  in  this  case 
be  the  sum  of  three  terms,  two  being  constant,  and  the  third  proportional  to  V.  It 
will  then  be  an  advantage  to  diminish  V. 
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(8.)  And,  lastly,  if  one  ccmsiders  the  condition  of  minimum  cost  to  be  realised 
in  the  absence  of  insulating  material,  considering  only  copper  and  loss,  and  then 
consider  the  cost  of  copper  and  insulation  to  be  a  minimum,  the  following  result  is 
arriTed  at : — ^The  price  of  copper,  by  hypothesis,  is  inversely  proportional  to  V.  The 
price  of  insolation  will  then  be  proportional  to  Y,  and  to  the  square  root  of  the 
section,  or  inversely  to  V.     Then 

V  

The  annual  expenditure  will  be, 

a  includes  the  coefficients  for  the  copper  and  loss  of  energy,  which  becomes  a 
minimum  when 

^  =  r^      (»^ 

By  formula  (2;  the  voltage  may  be  determined,  and  by  (1)  the  section,  and 
from  these  two  formulsB  a  very  close  approximation  may  be  arrived  at  for  the  true 
section.  This  will,  however,  not  be  quite  correct  in  actual  practice,  on  account  of 
the  ambiguity  existing  between  makers  as  to  the  right  thickness  of  insulation  for 
various  voltages. 

In  the  case  of  alternating  currents  capacity  and  self-induction  must  be 
considered. 

Let  E  and  I  be  taken  for  the  E.M.F.  and  current  iu  the  receiving  apparatus : 
then  power  transmitted  ii  £  I  cos  ^. 

If  a  condenser  of  capacity  C  be  placed  in  shunt  to  the  end  of  the  line,  then 
p  _  I  sin  ^ 

and  1  <  ^  represents  the  current. 

The  current  passing  through  the  line  is  I  cos  ^,  instead  of  I. 

The  capital  expended  in  the  line  may  then  be  reduced  in  the  ratio  of  1  to  cos  ^, 
and  the  annual  loss  in  line  may  be  reduced  in  the  same  ratio. 

The  cost  of  condenser  will  be, 

7E«  C  =7— Isin^, 

in  which  y  is  the  price  of  a  condenser  of  1  microfarad  to  work  at  1,000  volts.    If 

we  assume  that  20,000  watts  are  to  be  transmitted  at  2,000  volts  with  a  lag  of  j^ 

period,  this  will  necessitate  the  transmission  of  28*3  amperes. 

Assume,  moreover,  that  the  most  economical  case  corresponds  to  a  drop  of  10 

volts  per  km.     If  the  distance  be  10  km.,  the  total  drop  will  be  200  volts;  and 

without  a  condenser  the  line  resistance  »  707  ohms.    The  section  will  then  be  48 

sq.  mm.,  and  the  copper  will  cost  17,000  to  18,000  francs.     The  annual  cost  of 

the  line  will  about  be 

6 
2  X  j^  X  18,000  -  1,800  francs, 

which  includes  loss  of  energy  and  interest. 

With  a  condenser,  however,  the  line  will  have  to  carry  only  20  amperes,  and 
may  then  have  10  ohms  resistance,  the  section  being  Si  sq.  mm.,  and  will  cost 
12,000  francs  ;  the  annual  cost  being  about  1,250  francs. 
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The  anthor  then  considers  the  transmission  of  power  along  a  liniB  between  two 
synchronons  machines. 

For  perfect  stability  of  running,  the  inductance  of  the  circuit  should  be  equi- 
Talent  to  its  resistance.  Consequentlj,  in  the  case  of  alternators  with  iron  in  the 
armature,  it  is  not  rare  to  find  the  inductance  from  25  to  80  times  greater  than  the 
resistance. 

If  the  inductance  of  the  line  is  about  equivalent  to  the  sum  of  the  resistances 
in  the  two  machines,  the  inductance  is  still  from  12  to  15  times  greater  than  the 
resistance.  For  this  reason  the  machines  may  be  unstable ;  and  the  current  passing 
through  the  machines  for  producing  a  certain  amount  of  work  is  15  to  20  per  cent 
greater  than  that  which  would  be  necessary  if  the  inductance  were  equiyalent  to 
resistance. 

The  addition  of  a  condenser  in  series  with  the  circuit  of  such  a  system  gires 
the  following  results  :— 

(1.)  Diminution  of  capital  inrolved  in  the  machines. 

(2.)  Diminution  of  capital  involved  in  line. 

(8.)  Increase  in  output  of  dynamos. 

(4.)  Increase  in  efficiency  of  line. 

(5.)  Increased  stability  of  system  and  stability  of  running. 

The  above  considerations  apply  equally  well  to  polyphase  currents 


AHOH.— THE  ELECTRIC  LIGHTING  OF  DIEPPE. 
{La  Lwnihe  Electrique,   Vol.  50,  No.  44,  j».  209.) 

The  town  of  Dieppe,  previous  to  the  present  electric  light  installation,  had 
only  a  few  hundred  incandescent  lamps,  supplied  from  gas  engines  and  accumulators. 

On  account  of  the  increased  demand,  a  company  was  formed  with  120,000 
francs  capital  for  the  purpose  of  supplying  electricity  on  a  large  scale. 

The  dynamos^  switch-boards,  apparatus,  and  mains  were  supplied  by  the  firm 
of  Gramme.  The  central  station  is  situated  near  the  harbour,  the  building  being 
28  metres  long  and  10  metres  wide,  with  sufficient  space  for  further  extensions. 
The  output  of  the  station  is  100  H.P.  Two  Boulet  vertical  compound  non- 
condensing  engines  are  used,  each  giving  40  H.P.  with  6  atmospheres  pressure  at 
260  revolutions  per  minute  ;  they  will,  however,  give  50  H.P.  with  8  atmospheres 
pressure. 

Steam  is  supplied  to  these  engines  from  four  Paxman  boilers,  an  existing 
tubular  boiler  being  used  as  a  resen^e.  The  present  height  of  the  chimney  shaft  is 
25  metres,  but  will  allow  of  6  metres  extension.  Water  is  obtained  from  the 
town  mains,  and  pcud  for  at  the  rate  of  0*08  franc  per  cubic  metre. 

Worthington  feed  pumps  and  a  Giffard  injector  are  employed. 

Each  steam  engine  drives  two  Gramme  dynamos,  running  at  1,100  revolutions 
per  minute,  and  gi\ing  130  volts  and  90  amperes  under  normal  conditions.  Next 
to  the  dynamo  room  are  installed  two  batteries  of  accumulators  of  144  elements, 
contcdning  88  kilogrammes  of  plates  per  cell,  with  a  capacity  of  250  ampere-hours. 

The  cells  are  of  the  Verdi  er  type,  the  plates  being  placed  horizontally,  and 
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haring  perforations  for  the  free  circnlation  of  liquid  and  liberation  of  gas.  This 
position  of  the  plates  also  prevents  short-circniting. 

The  three- wire  system  is  adopted,  with  260  volts  between  the  outside  wires. 
Alarm  bells  are  used  for  indicating  too  great  variations  in  the  voltage. 

Three  feeders  leave  the  station,  which  meet  outside  to  be  connected  in 
parallel,  giving  a  total  section  of  80  square  millimetres,  the  wires  running 
overhead. 

At  present  the  fall  output  is  1,200  to  1,800  10-C.P.  lamps  ;  the  prospective 
supply  is  for  2fiO0  lamps,  which  will  necessitate  extensions. 

The  price  of  the  hectowatt-hour  is  120  francs. 


A.  BBSS— THE  PART  PLAYED  BY  CAPACITY  IN  ALTERNATING- 
CURRENT  CIRCUITS. 

(La  Lamihre  EUctrique,  Voi.  60,  No,  47,  p,  880.) 

The  author  calls  attention  to  the  important  capacity  effects  which  take  place  on 
the  circuits  used  in  actual  practice. 

First  consider  two  cables,  A  and  B,  lying  on  the  ground.  Each  cable  has  a 
capacity  C  with  respect  to  the  earth,  and  which  is  distributed  along  the  conductor. 

If  there  exist  an  alternating  P.D.  between  the  two  cables,  a  condenser  current 
will  be  set  up.  This  current  does  not,  however,  represent  a  dissipation  of  energy^ 
as  it  is  in  quadrature  with  the  P.D. ;  this  was  pointed  out  by  M.  Boucherot  in  1890. 

Although  the  insulation  resistance  between  the  cables  may  be  veiy  high  when 
there  is  no  P.D.,  under  actual  working  conditions  this  insulation  resistance  may 
become  many  thousand  times  lower.  As  in  actual  practice  there  exists  a  certain 
resistance  between  the  two  cables,  the  difference  in  phase  between  current  and 
P.D.  is  no  longer  exactly  a  quarter  of  a  period,  and  the  product  of  the  two  factors 
represents  a  certain  amount  of  power  dissipated  as  heat  in  the  earth.  When  the 
cables  are  so  close  together  that  there  is  appreciably  no  resistance  between  their 
outer  surfaces,  there  will  be  no  loss  under  normal  conditions. 

If  by  accident  one  of  these  cables  is  put  to  earth,  there  will  be  a  loss  of  energy, 
which  becomes  a  maximum  when  a  certain  resistance  is  in  circuit. 

Concentric  cables  forming  a  closed  circuit  do  not  produce  a  loss  of  energy,  so 
long  as  the  conductors  are  well  insulated  from  one  another.  But  if  the  inside 
conductor  be  put  to  earth  through  a  resistance  R,  a  condenser  current  is  set  up 
which  represents  a  loss  of  energy,  dependent  on  the  value  of  the  resistance  R 

Overhead  lines  may  produce  analogous  effects  on  a  much  smaller  scale  when 
they  are  brought  near  objects  in  contact  with  the  earth,  or  when  the  conductors  are 
very  distant  from  one  another.  M.  Claude  has  recently  suggested  methods  for 
obviating  these  losses,  and  preventing  other  objectionable  effects. 

Although  conductors  may  offer  an  insulation  resistance  of  hundreds  of  megohms, 
it  is  quite  possible  that  grave  accidents  may  happen  when  the  human  body  makes 
contact  with  one  pole  only.  In  such  a  case  capacity  is  playing  the  most  important 
part. 

A  capacity  C  charged  by  alternating  currents  of  a  frequency  m  offers  to  such 
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currents  an  apparent  resbtance  — —t  which  ma/  be  equivalent  to   onlj   a   few 

thousand  ohms  for  the  best  insulated  cables,  and  is  the  only  thing  which  prevents  a 
short-circuit  \xhen  the  cable  is  touched.  If  one  of  the  wires  of  a  system  working  at 
2,400  volts  were  touched,  at  that  moment  there  would  be  a  P.D.  of  1,200  volts 
between  the  wire  and  earth.  If  R  represent  the  resistance  of  the  body,  then  the 
current  flowing  will  depend  on  the  total  apparent  resistance, 


JL        /4C«a«R«  -I-  1 
«  c  V      (J*  ««  R*  +  1  ' 


and  the  body  is  subjected  to  a  P.D.  of 

E  C  «  R 


sin  w  t. 


>/l  +  4  IV  C«  «» 

The  higher  the  resistance  the  higher  the  voltage,  which  in  the  present  case  may 
reach  1,000  volts.  Considerable  danger  may  then  arise  from  touching  one  pole, 
due  solely  to  capacity  effects. 

In  the  case  of  concentric  cables,  the  capacity  between  the  external  wire  and 
earth  produces  an  analogous  effect  when  the  inside  conductor  is  touched. 
M.  Claude  has  recently  suggested  the  use  of  self-induction  to  get  rid  of  these 
effects,  which  would  be  placed  in  shunt  to  the  capacity. 

The  resistance  of  the  C  L  path  then  becomes ,  which  increases 

-L-«c 

»  L 
when  -— -  —  «  C  diminishes,   and  becomes  infinity  when  «'  L  C  =  1.     Or, 

in  other  words,  the  sum  of  the  currents  in  the  C  L  branch  should  —  0. 
One  current,  i.  «  C  -rf : 

the  other  current,  ii,-=j-  fedt; 

and  if  e  =  f o  «»! «  '»  "^ 

t  hen,  to  make  i\  +  1 1,  -  0, 

C  eo  <if  COB  oc  t  —  f —  cos  «  =  0, 

or  ««  L  C  =  1. 

In  practical  working,  L  itself  will  offer  a  certain  resistance,  and  consequently  it 
will  not  be  possible  to  obtain  an  infinite  resistance  without  complicating  matters. 

M.  Claude's  suggestions  are,  however,  open  to  some  criticism.  Between  each 
cable  and  earth  there  exists  a  P.D.  of,  say,  1,200  volts.  When  contact  is  made 
through  the  body  between  one  wire  and  earth,  the  P.D.  becomes  0,  and  consequently 
no  current  passes ;  but  the  1,200  volts  do  not  die  down  instantly,  the  time  taken 
depending  on  a  term  E^',  and  on  the  time  constants  of  the  capacities  and  self- 
induction.  The  body  is  therefore  subjected  to  pressures  of  from  1,200  volts  to  0. 
The  change  is  so  rapid  that  the  physiological  effect  may  not  be  dangerous— a  point 
which  is  open  to  some  discussion.  But,  apart  from  this,  an  advantage  of  the  system 
18  that  the  capacity  losses  have  been  reduced. 

It  is  then  advisable  to  reduce  the  capacity  of  the  mains  as  much  as  possible, 
which  can  be  done  by  allowing  sufficient  distance  between  the  cables  and  earth ; 
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bat  the  capacity  between  the  cables  themselves  is  reduced,  which  capacity  is  rather 
an  adyaatage  for  annnlling  the  self-induction  of  the  dynamos. 

If  concentric  cables  are  used,  it  is  possible  to  diminish  the  capacity  between  the 
cables  and  earth  without  diminishing  the  capacity  batween  the  wires  themselves. 


O.  VASSUBA— ON  THE  ELECTBICAL  BESISTANCE  OF  CEBTAIN 
METALS  AT  MELTING  POINT. 

{Journal  de  Physique,  December,  lS93,p,  677.) 

The  anthor  has  determined  the  electrical  resistance  of  tin,  bismuth,  and 
cadmium  at  their  meltiug  points ;  the  purity  of  the  metals  being  ascertained  by 
spectrum  analysis. 

The  resistances  were  measured  by  the  Thomson  method  in  capillary  U  tubes, 
which  had  been  previously  filled  with  mercury  and  their  resistances  taken.  These 
tubes  were  filled  with  the  molten  metals  in  a  vacuum,  and  at  a  high  temperature. 

Calling  r  the  melting  temperature  of  the  metal,  and  Kl,t.  ^B,r.  ^a,o  the 
resistance  of  the  molten  metal  and  the  solid  metal  at  r,  and  solid  at  0°,  the 
following  results  are  obtaiued  :— 

Tin 226°  2126  2225 

Bismuth 27P  2466  2-126 

Cadmium 818=*  1-976  2-664 


J.  LBFBVBE— RESEARCHES  ON  DIELECTRICS. 
(Journal  de  Physique,  December,  1893,/?.  561.) 

In  an  electro-magnetic  field,  produced  by  a  single  point,  A,  is  placed  the  di- 
electric, with  plane  faces  parallel  to  one  another.  It  is  necessary  to  find  how  the 
Talue  of  the  potential  has  been  modified  on  the  opposite  side  of  the  dielectric.  A 
Coulomb  balance  was  used  for  this  purpose,  and  Poggendorf's  method  employed  for 
reading  deflections.  A  compensator  was  used,  consisting  of  two  spheres,  or  of  a 
plate  and  sphere  so  placed  as  to  annul  any  external  disturbances  on  the  needle, 
supported  by  a  bifilar  suspension.  When  the  needle  is  at  zero,  the  dielectric  is 
introduced  between  the  two  spheres.  The  needle  and  compensator  are  then 
charged,  and  the  fixed  sphere  is  so  manipulated  as  to  maintain  the  needle  at  zero. 
The  fixed  sphere  is  then  charged,  and  is  moved  up  to  successive  distances  from  the 
movable  sphere.  For  each  position  the  repulsion  is  balanced,  and  the  needle 
brought  back  to  zero  by  twisting  the  bifilar  suspension. 

The  experiment  is  repeated  without  any  dielectric  in  the  instrument.  Correc- 
tions are  necessary  in  the  torsion  readings,  for  the  mutual  influence  of  the  two 
spheres,  and  for  the  torsion  of  the  bifilar,  which  docs  not  quite  follow  a  sine  law. 

After  making  these  corrections,  two  curves  are  plotted,  with  distances  of  the 
spheres  for  abscissie  and  the  torsion  readings,  with  or  without  the  dielectric  for 
ordinates.    These  curves  show  that  the  effect  of  the  insulation  is  the  same  as  though 
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the  spheres  were  brought  nearer  to  one  mother  bj  a  distance  S,  which  seemi  to  be 
proportional  to  a  thickness  e,  and  to  rary  with  the  natoie  of  the  material. 

Then  9  =  e/iK\ 

K  being  the  dielectric  constant. 

The  distance  9  can  be  measured  directly  from  the  cnnres,  and  then  /  (K) 
dednced  from  it»  of  which  the  values  are  given  in  the  table  below. 

The  author  has  tried  the  following  empirical  forms  for/(K): — 

K  -  1 


(1) 
(2) 
(3) 


2  ' 

K  -  1 

K^  1 

K  +  2' 

K-  1 


K  +  2' 

which  give  identical  resulto  f or  K  =  1  and  E  ->  2.  The  following  table,  giving 
the  four  values  of  K  for  various  substances,  agrees  fairly  well  with  Mr.  Gordon's 
results.  The  values  of  K  seem  most  consistent  for  the  same  substance.  The  mean 
values  for  sulphur  and  for  glass  are  a  little  below  Gordon's  results. 


Substanoes. 

e. 

8. 

'(K). 

Ki. 

K,. 

K,. 

K*. 

Brown  paraffin 

3-54 

1-775 

0-50 

200 

200 

2-00 

2-00 

White        „ 

390 

215 

0  55 

210 

2-22 

215 

2-13 

Ebonite,  No.  1 

2-72 

1-50 

0-56 

2-10 

2-22 

216 

213 

„        No.  2 

2-12 

1-275 

060 

2-20 

2-50 

2-33 

2-28 

St.  Gobain  glass,  Na  1 

1-73 

1-2 

0-69 

2-38 

3-22 

2-70 

2-58 

No.  2 

2-50 

14 

0-66 

2-12 

2-27 

219 

216 

Salphur,  No.  1 

2-87 

1-825 

0  63 

2-2G 

2-70 

2-44 

2-88 

No.  2 

4-60 

300 

0-66 

2-32 

2-94 

2-57 

2-47 

,,        No.  3          ••• 

360 

210 

0-58 

2-16 

2-38 

2-26 

2-22 

Sulphur,  No.  4,      1_ 
melted  dnce  six  monthsj ' 

2-46 

1-80 

0  73 

246 

8-70 

2-89 

2-72 

Essence  of  turpentine 

800 

110 

0-37 

1-74 

1-68 

1-66 

1-68 

Sulphide  of  carbon 

8-00 

1-275 

0-42 

1-84 

1-72 

1-77 

1-79 

F.    aiABOXLLAC— THE   TIVOLI-ROME   TRANSMISSION    OF 

ELECTRICAL  ENERGY. 

(La  Lwniere  EUctrigve,  Vol.  50,  No.  44,  />.  209.) 

The  author  continues  a  description  of  the  system,  and  enters  into  details  of  the 
line. 

An  overhead  line  is  employed  from  Tivoli  to  Rome.  The  posts  carry  an  oak 
beam  at  the  top,  to  which  are  fixed  four  brackets,  to  which  are  fixed  porcelain 
insulators  of  the  usual  type,  placed  at  a  distance  of  0*6  metre  from  one  another. 
Four  high-tension  wires  are  run  in  this  manner.  An  outside  iron  shield  is  used  to 
support  the  wire  in  the  event  of  its  leaving  the  insulator. 

The  top  of  the  post  carries  a  lead  cap,  over  which  is  fixed  a  lightning 
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conductor.  Below  the  high-tension  line  are  fixed  four  small  insalators  cany- 
ing  four  phosphor-bronze  wires  for  transmitting  telegraphic  and  telephonic 
messages. 

In  order  to  minimise  the  effects  doe  to  induction,  tlie  telephone  and  telegraph 
wires  are  alternated  at  ereiy  tenth  post  Most  of  the  posts  cany  light  insulators. 
The  height  of  a  post  above  ground  is  9*5  metres. 

There  are  altogether  707  supporta  for  the  line,  and  the  mean  distance  between 
supports  is  85  metres,  the  maximum  distance  being  40  metres. 

The  four  wires  are  at  respective  heights  of  98,  8*7,  8  1,  7*50  metres  from  the 
ground. 

The  insulation  of  the  line  is  8,250  megohms  per  kilometre.  The  copper  is 
of  99  per  cent,  conductivity.  Each  line  has  a  section  of  104  square  millimetres, 
and  a  resistance  of  8-750  ohms  at  0^. 

The  Pobts  Fib  Centbal  Statioh. 

This  forms  the  terminus  station  in  Rome.  The  pressure  is  here  transformed 
down  to  2,000  volts.  Siemens  concentric  cables  are  run  from  the  station  into 
the  principal  thorough&res  of  Rome  for  purposes  of  public  and  private  lighting. 
The  basement  of  the  station  Is  divided  into  two  parts.  One  contains  82  80-kilowatt 
transformers,  run  from  the  four  line  wires ;  and  in  the  other  is  placed  the  instrument 
and  distributing  board. 

Series  arc  light  circuits  are  run  from  the  station,  and  consist  of  Siemens 
concentric  cables  with  a  section  of  12  +  12  mm.*,  worked  directly  from  a  transformer 
in  the  station. 

Private  lighting  is  worked  at  50  volts  or  100  volts  pressure  from  sub-stations 
connected  to  the  central  station  by  Siemens  concentric  cables  of  a  section 
of  220  +  220mm.«.  The  station  transformers  are  divided  into  two  groups:  one 
group  of  16  is  used  for  the  municipal  lighting,  and  the  remaining  16  for  private 
lighting  circuits. 

These  transformers  have  a  ratio  of  transformation  from  2:1;  resistance 
of  primary,  8*1  ohms ;  resistance  of  secondary,  0*75  ohm  ;  output  of  80,000  watts, 
or  secondary  current  of  15  amperes  at  2,000  volts ;  full-load  efficiency,  97  per 
cent. ;  insulation  resistance  between  primary  and  secondary  of  7,000  megohms. 

On  the  switch-board  small  transformers  are  used  for  reducing  the  volts  from 
18  to  1,  with  a  Cardew  voltmeter  on  the  secondaries.  The  transformers  used  for  the 
series  arc  lighting  have  the  secondaries  wound  in  four  sections,  each  one  giving 
500  volts.  A  multiple-contact  switch  will  allow  of  any  number  of  the  sections 
being  used.  A  Blathy  regulator  is  used  for  maintaining  a  constant  current 
There  are  altogether  12  of  these  series  circuits. 

If  five  of  the  six  alternators  installed  at  Tivoli  be  working  simultaneously, 
and  each  delivering  42  amperes  at  5,100  volts,  the  line  will  have  to  carry  210 
amperes  The  resistance  of  the  line  when  all  four  wires  are  in  use  is  8*75 
ohms.  The  drop  in  potential  will  be  210  x  8-75  «  787*5  volts,  or  15*4  per 
cent  drop. 

If  the  transformers  at  the  Porte  Pie  station  lose  8  per  cent  at  full  load, 
the  total  loss  then  becomes  17*9  per  cent 
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Four  Siemens  concentric  cables,  220  +  220  mm.«  section  are  laid  from  the 
Porte  Pie  station  into  the  town.    These  cables  have  a  length  of  about  9  kilometres. 

The  series  arc  light  circuits  have  a  total  length  of  about  28  kilometres.  Each 
circuit  has  33  or  34  lamps,  which  makes  a  total  of  203  lamps  for  the  six  circuits  in 
actual  use.  The  lamps,  which  are  placed  40  or  50  metres  apart,  at  heights  of  8 
to  10  metres  from  the  ground,  are  of  the  Zipem  )W8k)r  differential  focusing  type, 
give  800  candle-power  with  14  amperes  working  at  88  volts,  and  will  burn  for 
14  hours  without  requiring  new  carbons. 


L.  MOBISSE— AMERICAN  GUTTA-PERCHA. 
(Annates  TeUgraphiques,  Vol.  20,  p.  352.) 

M.  S^ligmann  was  the  first  to  remark  that  all  gutta-percha  trees  were  found 
between  the  same  parallels  of  latitude.  The  names  given  bj  the  Indians  to  the 
four  gutta-percha  trees  are  the  Pindare,  Masarandu,  Marima,  Balata ;  all  of  which 
possess  distinct  characteristics.  The  zone  in  which  the  above  trees  are  to  be 
found  is  approximately  bounded  bj  the  Cth  degree  of  latitude  N.  and  S.  of  the 
Equator.  These  trees  are  to  be  found  in  almost  every  part  of  this  sEone,  although 
the  configuration  of  the  soil  in  places  does  not  admit  of  their  growth. 

M.  S^rullas  maintains,  however,  that,  accurately  speaking,  the  habitat  of 
gutta-percha  trees  is  bounded  by  isothermal  lines,  and  the  territory  enclosed  by 
the  two  lines  corresponds  very  nearly  \nth  the  zone  enclosed  by  the  6th  degree  of 
latitude  K.  and  S. 

The  growth  of  the  gutta-percha  tree  is  very  much  modified  according  to  the 
geological  conditions  of  the  district. 

On  American  soil,  gutta-percha  trees  require  considerable  moisture,  preferably 
low-lying,  sheltered  ground,  with  an  even  temperature — in  short,  a  Silurian  soil, 
easily  flooded  with  a  small  rainfall.  7ae  trees  are  not  to  be  found  on  mountains 
or  on  alluvial  plains. 

The  Balata  tree  requires  from  1  to  1*5  metres  of  vegetable  soil,  with  a  damp 
and  porous  subsoil.  The  four  above-named  trees  all  grow  to  about  the  same  size. 
The  size  of  the  trunk  is  about  that  of  a  man's  body,  and  the  tree  grows  to  a  height 
of  about  18  or  20  metres.  The  trunk  is  smooth,  and  generally  quite  straight  up  to 
the  first  branches,  which  are  at  about  6  to  10  metres  from  the  ground. 

The  Pindare  tree  is  the  one  wh'ch  yields  most  gutta-percha ;  the  milk  is  dear, 
and  flows  freely  frooi  incisions  made  in  the  trunk.  The  flow  from  each  incision 
lasts  about  a  quarter  of  an  hour.  The  author  has  in  cases  made  as  many  aa  30 
incisions  in  the  same  tree,  and  obtained  500  grammes  of  the  milk. 

If  incisions  are  made  round  the  trunk  at  the  junction  of  the  branches,  in 
order  to  stop  the  flow  of  sap  into  the  leaves,  as  much  as  5  or  6  litres  of  the  milk 
may  be  obtained  from  one  tree  in  a  few  hour?. 

The  Marima  tree  yields  a  good  quantity  of  the  milk,  which  is  clear,  and  of 
a  viscous  and  gummy  nature. 

The   milk   of  the    Pindare  tree   coagulates  only  in  the,  shade  at  the  end 
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of  36  houFf  at  a  temperatore  of  30^,  and  takes  from  13  to  14  hours  to 
coagnlate;  the  liquid  which  remains  after  coagulation,  instead  of  being  clear, 
aa  in  the  case  of  the  Marima,  is  of  a  milky  colour,  and  when  evaporated  and 
treated  with  potash  will  coagulate  and  form  an  excellent  gntta-percha.  The 
process  requires  great  care,  as  the  products  are  easily  burnt  with  too  high  a 
temperature.    The  sun's  heat  at  mid-day  is  sufficient  for  the  process. 

Balata  trees  may  be  divided  into  two  classes  ~the  red  and  white ;  the  former  is 
the  commoner  of  the  two,  and  the  one  of  commercial  value.  The  red  Balata  is 
essentially  an  American  tree ;  it  flourishes  in  the  Guianas  and  in  Venezuela,  in 
great  numbers.  Its  large  size,  abundance  of  sap,  and  its  vigorous  nature  rank  it 
amongst  the  best  gutta-percha  trees  of  the  future. 

Incisions  in  the  tree  may  be  made  in  the  usual  manner.  The  milk  coagulates 
slowly,  and  consequently  does  not  close  up  the  incisions  too  quickly. 

From  10  to  14  incisions  must  be  made  in  an  oblique  direction  in  three  or  four 
vertical  lines ;  to  obtain  a  good  quantity  it  is  necessary  to  use  a  ladder  reaching  to 
a  height  of  2*5  or  3  metres.  If  the  tree  is  cut  in  the  right  manner,  from  150  to  200 
granimes  should  be  obtained  every  two  days. 

The  author  does  not  advocate  cutting  down  the  tree,  which,  in  cases,  is  a 
tedious  and  difficult  operation.  It  may,  however,  on  some  occasions  prove 
advantageous.  The  best  method  of  procedure  is  then  to  completely  strip  the  tree  of 
its  bark,  which  must  be  cut  up  into  small  pieces  and  placed  in  an  equal  weight  of 
water,  made  alkaline  with  potash,  and  kept  at  a  temperature  of  30°  or  35°.  The 
pieces  of  bark  are  then  removed  and  subjected  to  a  considerable  pressure  in  a 
wooden  press.  The  milk  thus  obtained  is  of  an  excellent  quality ;  it  must  be 
mixed  with  water  from  the  above  bath,  strained,  and  then  evaporated  during  24 
hours  at  40°  or  45°.  The  product  must  then  be  placed  in  a  suitable  chum  in  the 
presence  of  phenic  acid.  The  temperature  of  the  bath  and  time  taken  for  the 
above  operations  are  of  considerable  importance.  The  gutta-percha  thus  obtained 
is  of  the  finest  quality,  and  equal  to  the  best  Isonandra  percha.  It  is  of  a 
solid  and  unchangeable  nature,  and  of  a  pinkish -white  colour. 

The  milk  of  the  Masarandn  tree  possesses  many  interesting  characteristics. 
It  is  very  thick,  and  rapidly  coagulates  on  exposure  to  the  air,  which  makes  it 
very  difficult  to  collect. 

It  contains  about  60  per  cent  of  its  weight  of  water,  which  takes  a  considerable 
time  to  eliminate.  The  best  method  of  doing  this  is  to  treat  it  with  hot  water  at 
70°,  and  then  well  compress  the  coagulated  mass,  which  will  then  form  an  excellent 
gntta  percha  without  any  chemical  or  antiseptic  treatment  It  is  difficult  to  collect 
the  milk  of  the  Masarandn  tree,  on  account  of  its  viscosity ;  the  quicker  way  is  to 
partially  bark  the  tree,  and  if  about  one-third  of  the  bark  be  left  on  the  tree  it  will 
not  die.  If,  however,  it  be  completely  stripped,  it  will  die  in  a  very  short  time. 
The  baric  must  be  washed  in  water  at  50°,  containing  a  small  quantity  of  potash  or 
aoda.  It  must  then  be  well  scraped  with  a  knife,  and  pressed.  The  thick  juice 
which  flows  out  soon  becomes  plastic.  It  must  then  be  warmed  to  70°  and  laminated 
with  wooden  rollers.  The  thin  sheets  must  be  beaten  and  again  laminated,  in  order 
to  get  out  all  the  water,  which  is  charged  with  resin.  Special  manipuUtion  is 
required  in  this  process.    The  gutta-percha  thus  obtained  is  of  a  very  good  quality 
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Owing  to  the  characteristic  of  each  species,  different  methods  of  procedoie  Hfe 
necessajy.  When,  howeyer,  several  of  the  species  are  to  he  found  in  the  same 
place,  it  would  consideniblj  facilitate  matters  if  one  process  only  coald  he  employed. 
The  author  tried  to  treat  the  mixture  of  the  different  milks  widi  such  dehydrating 
compounds  as  sulphuric  acid  or  alcohol,  hut  without  success ;  and  came  to  the  con- 
clusion that  such  a  mixture  will  not  coagulate  when  treated  chemically,  as  in  the 
case  of  caoutchouc  An  application  of  heat  invariahly  burnt  Ihe  product,  and 
therefore  proTed  a  failure. 

The  author  then  had  recourse  to  mechanical  separation  of  the  globules  from 
the  water  in  which  they  fbrm  an  emulsion.  First  attempts  |m>yed  soocessfnl,  and 
the  method  may  be  summarised  as  follows :« 

(1.)  The  process  of  coagulation. 

(2.)  The  disinfecting  and  antiseptic  process,  carried  oot  stmnHaaeonsiy  in  one 
operation. 

Hapid  coagulation  takes  place  when  the  milks  are  mixed  and  churned  in  a 
centrifugal  turbine  with  a  continual  admission  of  commercial  phenic  acid  (not 
crystallised),  to  ensure  an  antiseptic  effect.  The  mixture  should  be  previouly 
warmed  to  40*^,  and  the  process  of  coagulation  and  disinfection  carried  out  in  sun- 
light from  10  a. m.  to  3  p.m.  One  litre  of  impure  phenic  acid  is  sufficient  for 
20  litres,  or  12  to  18  Idlogrammes  of  gutta-percha.  The  turbine  should  be  capable 
of  coagulating  10  litres  of  the  milk  in  less  than  one  hour. 

A  10  per  cent  alcoholic  solution  of  corroaiye  sublimate  was  tried  as  a 
disinfectant,  and  the  resultant  gatta-percha  was  of  fine  quality ;  it  is,  howeyer,  to 
be  feared  that  the  presence  of  bichloride  of  mercury  would  prove  detrimental  in 
commercial  applications. 

The  gutta-percha  is  obtained  in  sheets  60  cm.  wide,  1*50  metres  long,  and  2  mm. 
thick,  stuck  on  to  a  band  of  tissue,  from  which  they  are  eyentually  separated. 
These  sheets  must  be  well  washed  in  hot  water,  then  beaten,  and  finally  dried  in 
the  shade. 

The  author  points  out  that,  although  no  material  has  ever  proved  equal  to 
gutta-percha  as  an  insulator,  it  must  be  of  the  best  quality  and  carefully  prepared 
for  it  to  maintain  its  position,  and  not  rapidly  deteriorate. 

Although  the  Isonandra  percha^  from  which  rubber  has  been  previously 
obtained,  is  becoming  very  scarce,  the  enormous  numbers  of  Pindare,  Masarandn, 
Balata,  and  Marima  trees  in  the  American  forests  should  guarantee  a  large  supply 
for  many  years  if  their  products  can  only  be  utilised,  and  the  author  has 
endeavoured  to  explain  the  methods  for  doing  so. 
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The  Two  Hundred  and  Fifty-ninth  Ordinary  General  Meeting  of 
the  Institution  was  held  at  the  Institution  of  Civil  Engineers, 
25,  Great  George  Street,  Westminster,  on  Thursday  evening, 
February  8th,  1894 — Mr.  Alexander  Siemens,  M.  Inst.  C.E., 
President,  in  the  Chair. 

The  minutes  of  the  Ordinary  General  Meeting  of  January  25th, 
1894,  were  read  and  approved. 

The  names  of  new  candidates  for  election  into  the  Institution 
were  announced  and  ordered  to  be  suspended. 

The    following    transfers  were  announced    as    having  been 
approved  by  the  Council : — 

From  the  class  of  Students  to  that  of  Associates — 


Arthur  C.  Heap. 
Walter  H.  Jackson. 
Robert  Andrew  Miles. 
Sydney  W.  Mitchell. 
Charles  Edward  W.  Talbot. 
William  G.  Wallace. 


Geoflfrey  F.  B.  Barrett. 
John  F.  M.  Bennett. 
Herbert  H.  Berry. 
Ernest  Crocker. 
Henry  Joseph  Garnett. 
Henry  Leslie  Harris. 
Frederick  N.  Haward. 

Donations  to  the  Library  were  announced  as  having  been 
received  since  the  last  meeting  from  Messrs.  Cassell,  and  Mr. 
Charles  Bright,  Member,  to  whom  the  thanks  of  the  meeting 
were  duly  accorded. 

Mr.  A.  T.  Snell  and  Mr.  F.  C.  Baphael  were  appointed 
scrutineers  of  the  ballot. 
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The  following  paper  was  then  read  :— 

SOME  NOTES  ON  THE  ELECTRIC   LiaHTING   OF  THE 
CITY  OF  LONDON. 

Bj  Major-Gen.  C.  E.  Wbbbeb,  C.B.,  (Ret)  R.E.,  M.  Init  C.E., 
Fast-Preeident 

Y^hha  To  the  industry  generally  the  history  of  the  inception,  and 

of  what  led  up  to  the  accomplishment,  of  the  public  lighting  of 
the  streets  of  that  part  of  the  metropolis  known  as  the  Gty  of 
London  may  have,  for  several  reasons,  a  special  interest,  and  be 
worthy  of  record. 

By  those  who  may  not  already  know  it,  it  should  be  under- 
stood that  the  Commissioners  of  Sewers  hold  a  similar  position, 
and  have  similar  powers  to  those  that  were  possessed  by  the 
Metropolitan  Board  of  Works  and  by  the  London  Vestries  before 
the  London  County  Council  came  into  existence;  in  fact,  they 
are  the  local  authority,  possessing  jurisdiction  distinct  from 
that  of  the  Corporation,  the  Common  Council,  the  Bridge  House 
Committee,  and  such  bodies;  having  the  direction  and  control 
of  expenditure  on  works,  for  which  purposes  their  engineer  and 
surveyor  is  Mr.  William  Haywood,  C.E.,  a  gentleman  distinguished 
BO  less  as  a  colonel  of  Volunteers^  late  and  for  many  years  com- 
manding the  1st  London  Bifle  Volunteers,*  than  as  an  engineer. 

I  think  there  is  a  good  deal  in  which  the  question  of  what 
led  up  to  the  lighting  of  the  City  by  electricity  so  much  differs 
from  ordinary  cases,  that  a  slight  sketch  of  its  history — which 
has  never,  I  believe,  been  published — is  not  out  of  place  on 
the  present  occasion.  The  Ciiy  is  at  the  head  of  our  municipal 
institutions,  bot^  as  regards  antiquity,  wealth,  and  organisation. 
From  an  imperial  point  of  view,  it  is  regarded  as  the  heart  of 
the  commerce  of  the  world.  In  respect  to  puUic  lighting  by 
electricity,  I  believe  I  can  show  you  that  it  also  has  taken  the 
lead. 

In  1878,  when  the  Municipality  of  Paris  celebrated  the 
International  Exhibition  of  that  year  by  lighting  the  Avenue 

*  Colonel  Haywood  joined  the  oorps  in  1S59  as  a  private,  and  ixwe  through 
eaeh  rank  to  be  Lient-Colonel  in  1S76,  and  retired  from  that  position  in  1S82. 
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de  rOpera  with  Jablochkoff  lamps,  run  with  Gramme  machines  Gmeni 

Webber. 

by  the  Soci^te  G^n^rale  d'Electricit^,  Mr.  William  Bassingham, 
deputy-chairman,  and  Colonel  Haywood,  engineer  of  the  Com- 
missioners of  Sewers,  severally  reported  to  the  Streets  Committee, 
in  such  detail,  and  in  such  terms,  as  to  ensure  the  question  never 
being  dropped  until  the  accomplishment  of  the  results  which  we 
can  nightly  witness  at  the  present  time.* 

It  is  nearly  15  years  since  the  date  of  those  reports — years 
that  have  been  momentous  to  all  of  us  electrical  engineers. 

Colonel  Haywood's  report  could  not  have  dealt  more  exhaus- 
tively ^Kth  the  question,  subject  to  the  diflference  in  knowledge 
at  the  present  day,  than  if  it  was  now  to  be  compiled.  He  pointed 
out  that  no  secrtrion  of  the  metropolis  was  more  interested  than 
the  City  in  obtaining  an  efficient  illuminant,  for,  that  within  its 
boundaries  the  Gas  Light  and  Coke  Company  then  collected  a 
rental  of  £370,000  per  annum. 

No  doubt  that  example  of  street  lighting  in  Paris  induced  the 
Commissioners  to  take  up  the  subject.  The  64  electric  lamps  in 
a  thoroughfare  980  yards  in  length,  placed  30  yards  apart  on 
alternate  sides,  were  said  to  give  a  nominal  candle-power  of  20 
times  that  of  the  300  gas  lamps  previously  used,  allowing  that 
dne  Jablochkoff  candle  gave  100  times  as  much  light  as  a  gas 
burner  using  12-candle  gas  at  5  feet  an  hour. 

The  cost  price  of  these  lamps  (estimated  then  at  6d.an  hour), 
as  they  were  extinguished  at  midnight,  was  £50  a  year  each, 
which,  for  64  lamps,  came  to  £3,200  a  year,  as  against  the  cost  of 
the  gas  lighting  during  the  same  hours,  which  came  to  £1,200  a 
year  at  5  centimes  per  gas  lamp  an  hour. 

Colonel  Haywood  at  that  time  considered  that  the  Avenue  was 
lighted  ^  vastly  in  excess  of  all  reasonable  requirements ; "  and 
although  he  went  no  further  than  stating  that  in  his  opinion  there 
were  places  in  the  City — such  as  by  King  William's  Statue,  in  front 
of  the  Mansion  House,  and  in  the  Circuses — where  the  convenience 


*  Af  international  juror  for  telegraphs  and  allied  electrical  applications  of 
that  year,  mj  notes  on  the  installation  show  that  the  Arenne  and  Place  de  TOpera 
and  Uie  Place  dn  Th^&tre  Fran^aiSfOnly  represented  a  small  fraction  of  the  applict- 
tlon  of  the  Jablochkoft  lamp  then  mnnlng  in  France. 
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of  the  large  traffic  "  might  justify  the  expense  of  emplojdng  the 
"  electric  light  during  the  busiest  hours  of  darkness,"  he  never- 
theless recommended  the  Commissioners,  '^  that  as  early  as  possible 
"  an  ample  experiment  be  made  by  lighting  with  electricity  during 
"  the  winter  months  of  1878  one  or  more  of  the  public  thorough- 
**  fares  within  their  jurisdiction." 

In  consequence,  in  November,  1878,  the  same  company  com- 
menced lighting  the  Holbom  Viaduct  with  16  Jablochkoff  lamps, 
placed  about  110  feet  apart.  They  were  run  from  sunset  till 
midnight,  replacing  86  gas  lamps.* 

The  results  arrived  at  after  three  winter  months'  work  were, 
that,  while  only  doubling  the  light  (allowing  a  loss  of  50  per  cent, 
with  the  globes)  of  the  86  gas  lamps,  the  cost — ^namely,  5'73d.  per 
hour  of  16  Jablochkoff  lamps — was  four  times  that  of  gas  at  ^.  an 
hour. 

The  discouragement  produced  by  this  experiment  only  con- 
tinued for  one  year,  and  in  the  spring  of  1880  the  Commissioners 
(at  the  instigation  of  several  members  whose  names  have  since 
been  connected  with  improvements  in  lighting  the  City)  again 
decided  to  renew  experiments  on  a  more  extended  scale  by 
lighting  (see  streets  shaded  black  on  map,  Plan  No.  1)  New 
Bridge  Street,  Queen  Victoria  Street,  Queen  Street  and  Queen 
Street  Place,  King  William  Street  to  the  Bank,  Poultry,  Cheapside, 
St.  Paul's  Churchyard,  Ludgate  Hill,  New  Bridge  Street  and  the 
Bridge. 

The  thoroughfares  in  which  the  trials  were  to  be  made  were 
divided  into  three  districts,  and  out  of  six  competitors  who 
tendered  in  October,  1880,  the  following  were  selected.  The 
contract  was  for  one  year,  ending  the  1st  April,  1882.  The 
Blackfriars  Bridge  district  was  allotted  to  the  Brush  Company ; 
the  Southwark  Bridge  district  to  the  Electric  Light  Power 
Generator  Company  (Lontin  system) ;  the  London  Bridge  district 
to  Messrs.  Siemens. 

In  June,  1882,  Colonel  Haywood  reported  that,  allowing  50 

*  At  the  same  time  the  Metropolitan  Board  of  Works  had  been  making 
experiments  with  the  same  company's  plant  on  the  Victoria  Embankment,  in- 
cluding photometric  comparison  of  the  gas  and  electric  light. 
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per  cent,   of  loss  through  the  use  of   globes  in   the    several  aen«na 
districts,  the  increased  light  afforded,  and  the  cost  of  the  same 
under  the  tenders,  in  proportion  to  that  of  gas,  were — 

Increased  Light.         Relatiye  Cost 

No.  1  (Brush)     15  About  the  same. 

No.  2  (Lontin) 14  Twice. 

No.  3  (Siemens) 13J  3|. 

Thus  the  City  of  London  had  taken  the  lead  in  making  a 
practical  experiment  on  a  large  scale.* 

The  encouragement  afforded  by  the  results  may  be  estimated 
by  the  following : — 

(a.)  The  Commissioners  decided  to  experiment  again  in  four 
additional  areas,  and,  calling  for  tenders,  received,  in  May,  1882, 
offers  from  eight  firms.  In  one  tender  only  was  the  question 
raised  of  supplying  light  for  private  consumption. 

(b.)  Messrs.  Siemens's  offer  to  continue  lighting  No.  3  district 
at  £3,600  a  year,  being  an  advance  of  £1,330  on  their  original 
contract,  was  declined,  and  that  firm  retired  from  the  City. 

(c.)  An  arrangement  with  the  Brush  Company  to  continue  for 
another  year  lighting  No.  3  district  at  a  cost  of  £800  per  annum 
was  made. 

But,  as  we  all  know,  the  Electric  Lighting  Act  of  1882,  which 
obtained  the  Boyal  consent  and  became  law  in  that  year, 
appeared,  and  with  it  a  flood  of  applications  for  provisional 
orders  and  licenses,  three  of  which  covered  the  area  of  the  City, 
and  obliged  the  Commissioners  to  hold  their  hands  and  consider 
the  position  in  which  the  Act  placed  them,  after  having  already 
had  the  subject  in  hand  for  nearly  four  years. 

Li  November,  1882,  the  Streets  Committee  of  the  Commis- 
sioners of  Sewers  consulted  Mr.  Preece,  and  I  shall  take  this 
opportunity  to  remind  him  of  a  statement  he  then  made,  and 
has  since  repeated,  on  the  subject,  in  which,  I  am  happy  to  be 
able  to  say,  he  showed  an  accuracy  of  foresight  in  which  later 
experience  has  fully  supported  him. 

*  It  was  estimated  to  cost  over  £8,000,  but,  through  the  inabilitj  of 
the  contiactore  in  No.  2  to  commence  lighting  in  time,  and  for  other  reasons,  it 
actoaUj  cost  about  £5,400. 
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At  that  date  he  wrote  :  "  I  know  of  no  branch  of  engineering 
"  where  more  forethought  is  necessary  to  calculate  all  the  con- 
^*  tingencies  likely  to  be  met  with  than  a  system  designed  to 
"  illuminate  a  large  city  like  that  of  London.** 

Meantime,  an  experiment  with  public  lighting  by  glow  lamps 
had  been  in  progress.  In  April,  1882,  the  Edison  Company 
commenced  an  experiment  with  that  means  of  illumination  on 
the  Holbom  Viaduct  for  a  length  of  466  yards,  upon  which 
Colonel  Haywood  reported  after  a  twelvemonth's  run.  Ninety- 
two  16-C.P.  glow  lamps  replaced  the  gas  burners  in  the  existing 
street  lanterns,  86  14-G.P.  gas  batswing  burners  being  displaced. 
The  result  in  light  and  cost  was  that  the  electric  lighting 
contractors  gave  1^  times  the  light  at  the  same  price  as  gas- 
namely,  £4  10s.  4d.  per  burner  per  annum. 

That  this  experiment  led  to  but  negative  results  we  all  know. 
If  it  showed  anything,  it  was  that  the  substitution  of  a  glow  lamp 
in  the  ordinary  street  lantern  for  the  lambent  flame  of  a  gas  jet, 
so  that  the  incandescent  filament  is  directly  visible,  is  a  very  poor 
and  unintelligent  application  of  the  electric  light,  and  puts  it  in 
a  position  in  which  it  is  at  a  great  disadvantage  in  comparison 
with  gas.  I  believe  that  the  glow  lamp  for  public  lighting  pur- 
poses never  quite  recovered  from  the  results  of  that  experiment. 

The  City  was  one  of  the  earliest  areas  upon  which  the  electric 
light  manufacturing  companies  set  their  eyes.  Hardly  had  the 
1882  Act  become  law  when,  as  I  have  said,  three  companies  com- 
menced applications  for  provisional  orders.  As  still  now  occurs, 
the  local  authority  took  alarm,  and  began  to  investigate  the 
subject  for  themselves.  Most  complete  reports  as  to  the  law, 
engineering,  and  science  of  the  question  were  made  by  Mr.  Baylis, 
Colonel  Haywood,  and  Mr.  Preece.  These  gentlemen  may  be 
said  to  have  been  amongst  the  very  first  to  compile  information 
for  a  local  authority  on  the  subject  of  electric  lighting;  and, 
although  ten  years  have  passed,  the  terms  they  used,  conclusions 
arrived  at,  and  recommendations  made,  diflfer  very  little  from  those 
that  have  since,  and  up  to  this  date,  been,  and  are  being,  laid 
before  similar  governing  bodies  for  their  information  and 
guidance. 
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The  general  tenor  of  the  recommendations  made  in   1883,  o«nemi 

Webber. 

especially  by  Mr.  Preece,  were  that  the  Commissioners  ought  to 
obtain  their  own  provisional  order  or  license,  and,  either  by 
contractors  or  by  their  own  officers,  to  carry  ont  the  undertaking 
for  themselves,  both  for  public  or  private  supply. 

The  consequence  was  that  in  March,  1883,  the  Commissioners 
decided  to  apply  to  the  Board  of  Trade  for  the  necessary  license 
under  the  Act  of  1882,  for  the  whole  City,  having  in  its  terms  a 
compulsory  area  of  a  limited  size,  and  to  oppose  all  other  applica- 
tions for  provisional  orders  and  licenses  under  the  Act  of  1882. 

Although  tenders  from  a  number  of  electric  light  manufiictur- 
ing  companies  were  called  for  and  received,  it  is  of  moment  to  note 
that  Mr.  Preece  reported  that  their  terms  were  all  ^^  eminently 
"  unsatisfEUstory." 

No  doabt  his  criticisms  were  correct,  but,  as  the  length  of  time 
of  the  proposed  contract  was  limited  to  seven  years,  it  is  not 
surprising  that  they  were  not  such  as  could  be  accepted.  The 
lowest  and  highest  offers  for  each  public  light  arc  lamp  were 
£36  and  £71  per  annum  respectively. 

In  spite  of  amendments  in  those  proposals,  Mr.  Preece  could 
still  find  nothing  to  recommend  them ;  but  we,  who  look  back  to 
what  has  transpired  in  the  interval,  can  realise  that  all  proposals 
made  in  those  days,  when  the  security  offered  was  such  that 
capital  recoiled  from  it,  were  necessarily  wild  and  unsatis&ctory, 
and  were  mostly  made  by  firms  who,  if  they  were  sound,  must 
have  secretly  hoped  never  to  be  called  on  to  carry  them  out. 

Meantime,  the  Anglo-American  Brush  contract  for  lighting, 
for  about  4,030  hours  per  annum.  New  Bridge  Street,  Ludgate 
Hill,  and  St.  Paul's  Churchyard  still  ran  on,  and  was  costing  the 
City  at  a  rate  of  less  than  £25  a  lamp. 

Then,  in  1883,  commenced  a  period  during  which  companies 
proposing  to  obtain  statutory  powers  within  the  City  were  kept  at 
arm's  length,  and  during  which,  Mr.  Preece,  instructed  by  the 
Commissioners,  made  escperiments  on  the  subject  of  public  lighting 
by  arc  and  glow  lamps,  partly  with  the  aid  of  the  Brush  and 
Edison  contract  installations  then  running. 

In  1883  he  reported  ^^that,  while  the  arc  lamp  is  admirably 
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**  adapted  for  the  illuminatioii  of  large  spaces,  the  glow  lamp  is 
^^  eminently  adapted  for  our  streets  and  narrow  tborougbfEures.'* 

Mr.  Preece's  report  to  the  Commissioners  of  Sewers,  of 
August,  1884,  while  being  very  exhaustive  as  to  the  whole 
question  of  electricity  supply  generally,  is  certainly  also  the 
standard  report  on  the  subject  of  public  lighting. 

He  then  stated,  however,  that  "the  lamp  which,  in  my 
"  judgment,  best  lends  itself  to  street  lighting  is  the  glow  lamp, 
**  and  of  the  glow  lamps  I  prefer  the  50-candle  lamp  for  the  main 
"  thoroughfare." 

Notwithstanding  the  Holbom  experiments,  Mr.  Preece  recom- 
mended further  trials  of  public  lighting  with  glow  lamps,  com- 
bined with  a  means  of  distribution  for  private  lighting  within  a 
small  area  that  would  require  about  5,000  private  lamps,  at  a  cost 
to  the  City  of  about  £40,000.  He  also  brought  very  prominently 
to  notice  the  very  valuable  proposals  of  Mr.  Trotter  connected 
with  his  dioptric  lantern,  to  which  I  sh&ll  myself  allude  later  on. 

These  further  experiments  were  never  carried  out,  but  I  think 
the  meeting  will  be  glad  to  hear  from  Mr.  Preece  if  any  modifi- 
cations would  now  be  admitted  intx)  his  views,  on  a  subject  which 
the  meeting  is  aware  is  not  yet  satisfactorily  settled  ? 

For  more  than  a  year  the  subject  slept.*  At  that  time  it 
fell  to  my  lot  to  be  placed  in  engineering  management  of  the 
Anglo-American  Brush  Electric  Light  Corporation,  and  since  then, 
up  to  July,  1892, 1  was  intimately  acquainted  with  all  that  has 
gone  on  connected  with  the  lighting  of  the  City  of  London.f 

The  original  contract  of  1881  of  that  company  for  lighting 
New  Bridge  Street,  Ludgate  Hill,  and  St.  Paul's  Churchyard, 
with  arc  lamps,  still  ran ;  but  there  were  many  outward  signs  of 
considerable  repairs  being  necessary  in  the  mains. 

These  mains  bad  been  laid  into  the  district  under  the  roadways 

*  In  November,  1885,  a  well-known  writer  reported  to  the  Commisnoners : 
'*  At  the  present  time  there  is  ft  complete  stagnation  in  electrical  enterprise 
**  in  England,  in  such  enterprise  as  would  undertake  the  snpplj  of  electricity 
**  upon  a  large  scale  for  public  and  private  purposes  in  towns.** 

f  Mj  owa  connection  with  the  public  lighting  of  the  City  of  London  dates 
back  to  the  sixties,  when  I  assisted  the  late  Dr.  Letheby,  City  Analyst,  in  a  series 
of  experiments  connected  with  carburetting  gas  for  street  lamps. 
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from   the    Brush  Works  in   Belvedere  Boad,  alon£^  Bankside,  oenenu 

'  °  '  Webber; 

and  over  Blackfriars  Bridge,  and  they  consisted  of  two  circuits 
of  7/16'8  drawn  into  the  same  cast-iron  pipes,  with  insufficient 
draw-boxes  and  means  of  inspection ;  although  the  insulation  was 
sound  throughout  the  greater  portion  of  their  length,  there  were 
many  points  at  which  it  had  been  attacked,  by  the  pipes  having 
been  hastily  laid  where  they  were  exposed  to  soil  saturated  by 
sewage  liquids  and  other  gases  and  with  insufficient  means  of 
access  for  localisation  and  removal  of  faults. 

The  currents  were  generated  by  Brush  arc  dynamos,  old-pattern 
armatures,  having  belt  gearing,  to  engines,  which,  with  the  boilers, 
formed  part  of  the  power  which  was  used  in  the  Brush  factory, 
on  which  the  demands  were  irregular  and  occasionally  very  heavy. 
The  fact  was  that  the  Brush  Company,  when  they  tendered  for 
the  work  i^  1881,  understood  it  was  to  be  an  experiment,  out  of 
which  little  or  no  actual  profit  could  be  expected,  and  little 
thought  that  arrangements  which  would  have  been  good  enough 
for  twelve  months  would  be  continued  by  the  City  authorities 
for  five  years,  only  terminating  through  the  initiative  of  the 
Brush  Company,  and  by  the  permission  of  the  Commissioners, 
in  December,  1885. 

No  public  body  has  probably  taken  more  pains  than  the 
Commissioners  to  weigh  carefully  the  pro8  and  cons  bearing 
on  the  question  of  their  becoming  themselves  the  undertakers 
for  supplying  electricity;*  and  I  think  now,  that,  but  for  the 
host  of  offers,  merely  speculative  and  otherwise,  which  was  being 
continually  sent  in  to  them  and  diverting  their  attention  from 
the  issues  most  in  the  interests  of  the  ratepayers,  they  would 
in  the  end  have  decided  on  raising  the  necessary  capital  to  do 
the  work  themselves. 

In  November,  1885,  a  set  of  proposals  was  formally  made  by 
the  Brush  Company  to  contract  for  the  public  and  private  supply 
of  a  district  of  the  City,  and  this  was  considered  by  a  committee, 
of  which  Mr.  J.  C.  Bell  was  chairman. 

This  was  the  first  practical  arrangement  on  a  large  scale  that 

*  So  late  as  April,  1890,  thej  deputed  Mr.  Preece  to  report  to  them  on  the 
electric  lightiii((  of  the  public  streets  of  Taunton  with  arc  and  glow  lamps. 
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omerai       bad  ever  come  before  the  Commissioners,  and  its  terms  are  almost 

WebberJ  ' 

verbatim  those  that  were  eventually  adopted  in  January,  1889, 
as  the  conditions  under  which  the  Commissioners  would  receive 
tenders. 

From  that  moment  the  question  of  the  lighting  the  City 
made  a  fresh  start  on  a  tangible  j^asis  as  to  cost  and  mutual 
advantages ;  and,  although  it  took  five  years  to  mature,  there  was 
no  longer  any  serious  question  of  the  Commissioners  themselves 
becoming  the  undertakers.  In  1886,  1887,  and  1888  the  matter 
was  again  firom  time  to  time  before  them,  and  throughout  that 
time  it  was  due  to  the  personal  exertions  of  some  enlightened 
members  of  the  Streets  Committee  that  the  matter  was  kept 
continually  to  the  front.* 

One  of  the  reasons  for  the  delay  was  due  to  a  great  reluctance 
on  the  part  of  the  Commissioners  to  permit  any  company  to 
have  a  provisional  order  within  its  area  of  control. 

The  chief  reason  for  this  was  the  condition  of  things 
at  and  below  the  surface.  The  occupation  of  the  subsoil  by 
sewers  and  subways,  by  the  systems  of  gas,  water,  and  telegraphs, 
and  by  various  other  objects,  is  entirely  exceptional.  They  would 
have  much  preferred  that  all  powers  for  the  disturbance  of  the 
surface  should  be  conferred  by  themselves  only,  and  not  by  statute. 

There  is  no  doubt  that  the  ratepayers  of  the  City  would  now 
be  in  quite  as  good  a  position  if  no  provisional  orders  had  been 
granted,  and  if  only  the  contracts  that  were  eventually  entered 
into  between  the  Commissioners  on  the  one  part,  and  the  Brush 
Company  and  Messrs.  Laing,  Wharton,  &  Down  on  the  other,  were 
existent.  Owing  to  more  than  the  ordinary  rights  of  user  of 
the  soil  of  thoroughfeures  and  streets  being  vested  in  the  City 
Corporation,  statutory  powers  were  not  necessary  to  enable  them 
to  grant  way-leave.t 


*  Mr.  Frank  Green,  Mr.  J.  C.  Bell,  Mr.  Graham  King,  Mr.  Bridgeman, 
Mr.  Pannell,  and  others. 

t  There  is  ample  experience  to  show  that,  if  much  of  the  Act  of  1S82  had  been 
repealed,  so  far  as  the  metropolia  was  concerned,  as  was  more  than  once  urged 
oa  the  Board  of  Trade,  this,  and  many  geographical  and  other  anomalies,  which 
have  kept  up,  and  will  for  many  years  keep  up,  the  price  of  electricity  in  London, 
might  haye  been  avoided. 
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In  February,  1888,  the  Commissioners  called  for  a  report  General 
giving  a  reawme  of  all  that  had  been  brought  before  them  in  the 
previous  10  years,  and  I  must  here  say  that  it  fully  establishes 
the  claim  of  the  Brush  Company  that  a  large  share  of  the  credit 
for  the  eventual  results  was  due  to  their  persistence  in  holding 
the  ground  when  all  others  had  retired,  and  in  keeping  the 
subject  always  before  the  local  authority  in  a  maimer  and  in  terms 
which,  by  their  moderation  and  practical  sense,  were  bound  in  the 
long  run  to  commend  themselves  to  business  people. 

The  object  of  this  report  was  to  show  that  the  successful  use 
of  arc  lamps  for  illuminating  large  spaces  had  asserted  itself  all 
over  the  civilised  world.* 

The  advantage  of  having  a  contract  with  a  company  to  supply 
current  to  public  arc  lamps  at  3- Id.  per  unit,  including  trimming 
and  carbons,  instead  of  at  8d.  exclusive  of  the  same— -the  usual 
price  in  provisional  orders — was  dwelt  on. 

The  unsatis&ctory  nature  of  the  proposals  made  to  the  City 
by  other  parties  was  fully  exposed.  The  great  advantage  to  the 
City  if  the  terms  of  the  form  of  contract  originally  proposed  by 
the  Brush  Company  in  1885  were  adopted,  and  the  misrepresenta- 
tions that  suggested  monopoly  which  had  been  made,  were 
dispelled ;  and,  it  is  a  remarkable  &ct,  that  the  then  proposed 
charge  of  Is.  per  unit  for  private  lighting  was  not  considered 
excessive  in  view  of  the  circumstances  of  the  probable  demand 
for  business  premises  in  the  City. 

January,  1889,  found  the  Commissioners,  again  and  finally, 
roused  to  activity  by  the  Electric  Lighting  Act  of  1888  (due  to 
the  personal  exertion  of  Lord  Thurlow,  the  chairman  of  the  Brush 
Company),  and,  the  City  having  been  divided  into  three  districts 
for  the  purpose  of  the  contracts,  tenders  were  publicly  called  for ; 
and  it  may  here  be  remarked  that  the  company  which,  during 
eight  years,  had  done  so  much  to  keep  the  matter  before  the 
public,  at  that  moment  was  in  no  better  position  in  March, 


*  The  raccearfni  lighting  on  a  large  scale  by  the  Brnth  Company  of  the 
Colonial.  Manchester,  and  Glasgow  Exhibitions  was  described. 
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Qtntni  1889,  as  regards  tendering,  than  any  other  firm  which  was  then 
only  dealing  with  the  matter  for  the  first  time.* 

But  yet  another  stage  of  opposition  had  to  be  got  over  before 
the  final  arrangements  for  this  great  undertaking  could  be  said 
to  be  on  a  satisfetctory  footing. 

Major  Marindin,  in  April,  1889,  had  reported  against  the  claim 
of  the  City  to  be  exempted  from  the  operation  of  the  Electric 
Lighting  Act,  and  had,  in  fiEU^e  of  the  opposition  of  the  City, 
recommended  the  approval  by  the  Board  of  Trade  of  the  appli- 
cations for  provisional  orders  from  two  of  the  above-named 
companies. 

The  Brush  Company  had  for  several  years,  in  deference  to  the 
views  held  by  the  City  authorities,  refrained  from  making  applica- 
tions for  orders,  and  therefore  their  absence  from  the  list  of 
applicants  in  1889  was  intelligible. 

In  the  terms  of  Mr.  Preece's  report  on  Major  Marindin's 
contention,  the  City  had  been  "  regarded  merely  as  a  local  Vestry 
"  with  some  ancient  rights  that  have  to  be  respected ; "  and  that 
^^  the  amount  of  lighting  and  the  capital  necessary  to  be  expended 
"  in  the  City,  which  far  exceeds  that  for  any  other  portion  of  the 
"  metropolis,"  had  been  overlooked.  Major  Mwrindin  by  his 
recommendation  bad  neglected  not  only  the  geographical  part  of 
the  question,  but  the  £Eict  that  the  Commissioners  of  Sewers  had 
been  for  years  studying  and  experimenting  on  the  question  Of 
eflfective  public  street  lighting. 

The  tenders  for  public  lighting  the  main  tboroughfures  (see 
the  streets  shaded.  Fig.  1)  with  arc  lamps  which  eventu^y 
were  reported  on,  in  November,  1889,  by  Mr.  Preece  and 
Colonel  Haywood,  were — 


*  The  contractors  who  tendered  were  the — 

1.  Central— Anglo-American  Brash  Corporation. 

2.  London — London  Electric  Supply  Corporation. 

3.  West— Metropolitan  Electric  Snpplj  Company. 

4.  All — House-to- Hoose  Electric  Supply  Company. 

5.  East— Messrs.  Laing,  Wharton,  &  Down. 
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The  Metropolitan  Electric  Supply  Co.'s  ^•"J 

revised  tender  to  light  the  Western 
district  with  121  lamps,  at  £26  ...         £3,146 

The  Anglo-American  Brush,  the  Central 

district  with  138  lamps,  at  £26  ...  3,588 

The  London  Electric  Supply  Corpora- 
tion, with  136  lamps  (half  the 
lamps  being  extinguished  at  mid- 
night), at  £24  2s. 3,290 


Total  for  the  main  thoroughfares       £10,024 

and  the  acceptance  of  these  was  reconmiended. 

But  of  them  the  Brush  Company  alone  (consistent  with  their 
original  proposal)  had  not  applied  in  1889  for  a  provisional 
order,  and  had  agreed  to  the  division  of  profits  under  a  sliding 
seale — ^namely,  that  if  the  profits  exceeded  a  ciunulative  dividend 
of  10  per  cent,  per  annum  upon  the  capital  invested,  the  excess 
was  to  be  divided  equally  between  the  contractor  and  the  consumer 
— and  also  had  agreed  that  power  should  be  reserved  to  the  Com- 
missioners to  acquire  the  undertaking  and  works  by  purchase  at 
the  end  of  21  years,  in  all  other  respects  in  accordance  with 
section  2  of  the  Electric  Lighting  Act  of  1888. 

Meantime,  no  provisional  orders  had  been  granted  for  any 
part  of  the  City  area,  owing  to  the  withholding  of  the  usual  recom- 
mendations from  the  local  authority  which  the  Act  requires. 

But  on  the  last  day  of  June  of  that  year  the  Brush,  and  the 
Laing,  Wharton,  &  Down  Companies  gave  notices  for  the  Western 
and  Central  and  the  Eastern  districts,  respectively,  and  the 
ordinary  statutory  steps  followed  in  due  course-  The  Brush 
Company  had,  as  stated,  accepted  the  terms  of  the  Commissioners' 
contract,  and  the  Laing,  Wharton,  &  Down  Company  now  decided 
to  fedl  into  line  with  them  ;*  and  in  May,  1890,  those  contracts 


•  The  CkiounissioDers  had  required  Mr.  Preece  to  report  fully  on  the 
ThoniKm-Houstoxi  system  of  arc  lighting  as  established  at  Sheffield  and  the  St 
Pancras  Station,  as  well  as  at  Taunton. 
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General 
Webber. 


were  sealed,  and  the  provisional    orders    became  law  in  that 
session  of  Parliament.'* 


*  The  names  of  Mr.  E.  Garcke  (managing  director  of  the  Brush  Companj)  and  of 
Bfr.  Sjdney  Morse  are  so  well  known  in  connection  with  the  industry,  that  it  is  appro- 
priate to  record  here  that  to  them  is  largely  due  the  credit  for  carrying  through  final 
arrangements  for  these  orders,  which  were  exceptionally  intricate  in  their  character 
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Not  until  1891  were  a  similar  contract  and  provisional  order  oeneni 

Webber. 

granted  to  the  Brush  Company  for  the  Western  district.  Thus, 
after  nearly  13  years  of  deliberation  on  the  subject,  the  scheme 
for  supplying  electricity  to  the  City  of  London  for  public  and 
private  consumption  became  legally  possible,  and  all  the  special 
powers  which  the  Conunissioners  sought  to  obtain  in  the  interests 
of  their  ratepayers  had  been  secured. 

Capital  ExPENDrruRE. 

The  question  of  raising  capital  for  electricity  supply 
companies  has  not  differed  much  in  its  conditions  from  other  sister 
industries. 

This  paper  would  be  less  instructive  if  that  part  of  the  subject 
was  overlooked,  and  it  is  noteworthy  that,  even  with  a  field  for  the 
supply  of  electricity  in  which  the  gas  company  had  a  gross 
income  of  over  £370,000,*  even  in  1891  it  was  not  thought 
prudent  to  do  what  is  called  "go  to  the  public,"  in  the  first 
instance,  with  a  plainly  stated  prospectus.  Such  a  statement 
most  certainly  would  have  shown  that  the  supply  of  electricity 
to  the  City  should  be  an  undertaking  affording  as  sound  an 
investment  as  could  be  found  anywhere,  and  also  one  which  at 
an  early  date,  under  the  operation  of  the  sliding  scale  already 
alluded  to,  would  allow  of  the  cost  of  the  current  being  reduced 
below  the  maximum  of  8d. 

As  we  all  know,  a  very  old  way  of  commencing  to  raise  capital 
has  been  brought  out  under  a  new  name,  namely,  by  the  starting 
of  a  "  pioneer  company,"  which  is  one  way  of  getting  an  instalment 
of  capital  together  to  make  a  beginning. 

Of  course  there  is  no  engineering  justification  for  it,  but 
the  financial  physician  has  prescribed  it,  and  hence  this  fir^t 
capital  must  be  si>ent  with  a  primary  object  of  showing  that 
something  can  and  will  be  done. 

*  The  daj  and  night  popolationa  of  the  City,  respectively  261,061  and 
50,652  in  1881,  had  altered  in  1891  to  801,884  and  37,694.  The  day  population,  as 
compared  with  counties  and  towns  in  England  and  Wales,  is  larger  than  26  counties, 
and  all  other  towns  except  Liverpool,  Manchester,  Birmingham,  Leeds,  and 
Sheffield.  Before  1891,  there  were  8,186  public  gas  lamps,  costing  £10,530  per 
annum. 
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General  The  future  of  the  undertaking  from  the  structural  point  of 

view  may  become  quite  a  secondary  consideration,  and,  indeed, 
may  be  ignored  if  it  interferes  with  the  parade  with  which  it  is 
intended  to  "  draw  "  the  investing  public.  They — ^the  public — 
have  only  themselves  to  thank  if  this  sort  of  thing  is  necessary. 
Engineers  and  coptractors  have  no  real  interest  in  its  existence.  . 
The  contracts  with  the  Commissioners  for  the  public  lighting 
of  the  City  were  dated — 

For  the  Eastern  district,  28th  May,  1890 ; 
„       Central        „        19th    „        „ 
,.       Western       „  5th  February,  1891 ; 

and  they  required  that  the  main  thoroughfeures  should  be  com- 
pleted with  arc  lamps  in  the  Eastern  and  Central  districts  by 
the  28th  and  19th  February,  1892,  respectively,  and  in  the 
Western  district  by  the  5th  November,  1893. 

The  ^^  first  sod  was  cut ''on  the  5th  January,  1891,  when  a 
junction  box  was  constructed  on  the  west  side  of  the  Mansion 
House,  with  an  inscription  inserted  in  the  waU.  The  first  street 
was  lighted  in  July,  1891. 

The  arc  lighting  generating  plant  was  permanently  fixed  in 
the  pioneer  buildings,  but  in  other  respects  the  installations  were 
designed  to  be  temporary. 

The  two  companies — namely,  the  Brush  Electrical  Engineering 
Company,  and  the  Laing,  Wharton,  &  Down  Construction  Syndi- 
cate— ^to  whom,  as  has  been  stated,  the  provisional  orders  and 
contracts  had  been  granted,  had  in  February,  1891,  transferred 
their  interests,  through  an  exploration  company  and  an  electric 
and  general  investment  company,  conditionally,  to  the  City  of 
London  Pioneer  Company,  of  which  company  I  was  appointed 
the  engineer  after  the  contracts  had  been  made.  These  interests 
included  the  obligation  to  complete  the  purchase  of  sites  for 
generating  stations — one  at  the  Wool  Quay,  in  Lower  Thanles 
Street,  the  other  at  Meredith's  Wharf,  in  Bankside. 

Part  of  the  consideration  for  the  transfer  of  the  responsi- 
bilities and  liabilities  of  the  ^^  conceaaionaire^^  companies 
was  in  each  case  a  provisional  contract  for  the  supply  and 
erection  of  the  entire  plant  and  equipment  of  one  temporary 
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(or    pioneer)    and   one  permanent    generating  station  for  the  General 
supply  of  current  to,  and  for  the  transforming  of  current  in, 
each  district.  * 

In  similar  cases  the  work  of  pioneer  companies  has  been  con- 
fined to  the  task  of  financing.  Unfortunately— I  think — ^in  this 
case  the  City  of  London  Pioneer  Company  had  to  undertake  actual 
work,  so  far  as  the  public  lighting  was  concerned,  because  the 
time  remaining — namely,  about  12  months — in  February,  1891, 
when  the  contracts  for  the  Central  and  Eastern  districts  had  to  be 
completed,  was  even  then  very  short. 

But  these  provisional  contracts  for  temporary  work  included 
some  private  lighting  ;♦  the  object  being  the  old-&shioned  one,  to 
create  a  display — in  my  opinion — at  the  expense  of  good  work,  and 
with  the  risk  of  a  legacy  of  trouble,  anxiety,  and  fiulure. 

Suffice  it  to  say  that,  in  spite  of  every  possible  precaution  to 
prevent  it,  no  small  part  of  this  temporary  work  has  had,  or  will 
have,  to  be  moved  or  altered  after  having  been  put  to  work ;  and  a 
large  part  of  the  money  spent  on  these  temporary  installations — 
amounting,  together  with  other  expenses,  to  a  very  considerable 
sum — must  be  more  or  less  wasted.t 

On  the  13th  July,  1891,  while  the  pioneer  contracts  were  still 
uncompleted,  all  the  interests  acquired  by  the  pioneer  company 
were  taken  over  by  the  City  of  London  Electric  Light  Company 
for  a  further  consideration,  by  which  means  the  lighting  of  the 

*  The  first  current  for  priyate  lighting  was  commenced  on  the  11th  December, 
1891.  to  the  Mansion  Hoa8e,but  it  was  more  than  six  months  after  before  the  plant 
coald  be  ran  daring  daylight  hoars. 

t  I  had  been  through  snch  troubles  in  connection  with  electrical  and  other 
engineering  too  often  not  to  throw  all  my  weight  into  the  scale  against  temporary 
work  of  any  kind. 

It  is  only  before  an  assembly  of  engineers  that  an  engineer  can  hope  to  find 
any  appreciation  of  such  a  situation.  Neither  financiers  nor  contractors  sympathise 
with  his  efforts  to  prevent  unnecessary  expenditure,  except  so  far  as  it  affects  their 
own  interests.  The  financier  does  not  mind  so  long  as  the  total  expenditure  is 
within  his  estimates  of  what  the  investor  will  stand ;  and  the  contractor  need  only 
care  if  he  is  going  to  accept  any  payment  in  shares,  and  not  always  then. 

Besides  this,  there  is  the  long  series  of  harassing  engineering  consequences 
arising  out  of  crude,  hasty,  and  ill-considered  work  preliminary  to  a  great  under- 
taking.   Many  of  us  have  been  through  it,  and  learnt  to  take  it  as  part  of  the  day's 
work ;  but,  all  the  same,  it  is  always  regrettable. 
VOL.   XXIII.  10 
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oeneiui       Citv  WBS,  with  the  consent  of  the  Board  of  Trade  and  of  the  City 

\Vcbber.  J  ^  J 

authorities,  amalgamated  into  one  undertaking  instead  of  three, 
and  it  wa^  at  last  possible  to  begin  work  in  earnest,  with  a  hope 
that  the  words  "  temporary  "  and  "  provisional "  were  past. 

The  estimates  for  works  upon  which  the  capital  of  the  new 
company  was  rabed  amounted  to — 

Buildings  £53,000 

Equipment  of  the  three  stations        . . .         493,250 
Distribution      342,850 

Total         £889,100 


This  was  exclusive  of  the  cost  of  the  sites. 
The  contracts  for  public  lighting  with  the  "  concessionaire  " 
companies  which  had  been  taken  over  from  the  pioneer  com- 
pany, besides  providing  for  the  supply  and  installation  of  the 
plant  and  equipment  for  one  station  for  each  district  of  the  City, 
also  provided  the  arc  and  glow  lamps  for  the  public  lighting,  with 
their  fittings  (exclusive  of  posts  and  lanterns)  in  every,  respect 
sufficient  to  enable  the  new  City  company  to  fulfil  the  terms  of 
the  contracts  with  the  Commissioners  of  Sewers,  as  follows  : — 
Eastern  District  Central  District  Western  District 

^^dS^vTc^"'  *  (Bmsh  Electrical  Engineering  Ca) 

Arc         Glow.  Arc         Qlow.  Arc         Glow. 

233         307  138         302  144         297 

Total  arc,  515.  Total  glow,  906. 

Besides  this,  the  contracts  between  the  same  parties  required 
the  work  to  be  done  for  equipping  the  stations  and  providing  the 
plant  for  the  supply  and  conversion  of  current  for  private  lighting 
to  be  in  accordance  with  detailed  specifications  and  schedules  of 
prices.  It  was  agreed  that  these  details  and  prices  were  to  be  laid 
down  afterwards  and  settled  between  the  engineers  of  the  company 
and  the  contractors;  diflFerences  (if  any)  to  be  referred  to  Mr. 
Preece. 

The  contracts  required  that  the  output  of  the  Brush  station :) 
for  the  supply  of  the  Central  and  Western  districts,  and  of  the 
Laing,  Wharton,  &  Down  Company's  station  for  the  Eastern 
district,  should,  including  the  pioneer  plant,  be  as  follows : — 
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Public  and  other 

Arc  Lighting. 

Kilowatts. 

Private  Lighting. 
Kilowatts. 

Eastern  district  ... 

450 

4,800 

Central        „      ... 

330 

3,900 

Western       „ 

...         220 
1,000 

3,400 

..       12,100 

1,000 

Gencnl 
Webber. 


Total  kilowatts         13,100 

Adding  together  the  cost  of  the  contracts  and  estimates,  and 
dividing  by  the  total  of  13,100,  we  obtain  the  following  total 
cost  per  kilowatt  :— 

Preliminary  expenses £8,000 

Work  done  by  the  pioneer  company,  including 

some  work  of  distribution  46,000 

Extras  on  ditto  10,000 

Contracts  for  the  stations        493,250 

Estimate  of  cost  of  completing  distribution  ...     342,850 

900,100 
Add  8  per  cent,  for  the  cost  of  the  sites  of  the 

generating  stations          ...         ;..         ...       72,008 
Total         £972,108 


Namely,  total  per  kilowatt,  nearly  £75. 

Anyone  present  will  realise  that  the  preparation  of  detailed 
specifications  for  the  equipment  of  an  electric  light  supply 
station,  both  for  generating  and  transforming,  requires  the  fullest 
technical  description.     Besides  that  of  the  boilers,  engines,*  and 


•  Professor  S.  P.  Tliompson's  opinion,  in  November,  1891,  on  ihe  type«  of 
engines  which  the  contractors,  under  the  restrictions  and  definitions  contained  in 
the  specification,  proposed  to  adopt,  uas  that,  while  expresung  hi^  oini  opinion 
on  the  advantages  of  triple  expansion,  and  of  engines  of  the  closed  type,  he 
confirmed  entirely  the  conditions  that  the  choice  should  be  of  the  vertical  and 
direct-coupled  type ;  he  postponed  his  final  opinion  until  six  months*  running  of 
(he  fint  group  of  400  kilowatt  units  had  been  completed.  It  is  to  be  hoped  that  he 
wiU  be  able  now,  more  than  two  years  having  passed,  to  give  electricul  en^necra 
bis  farther  experience  in  the  snbject.  , 
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(Jenerai  dynamos,  there  are  the  questions  of  the  arrangements  for  trans- 
port  and  conveyance  of  coal  and  refuse,  economising,  condensing, 
and  etoking;  there  are  also  the  details  of  foundations,  drains, 
subways,  travellers,  lifts,  cranes,  and  the  lighting  of  the  station, 
as  well  as  telephonic  communication  with,  and  equipment  of, 
transforming  sub-stations. 

I  need  not  say  that  the  preparation  and  agreement  as  to  the 
details  of  specifications,  after  a  contract  is  made  and  the  total 
price  to  be  paid  is  fixed,  is  a  somewhat  novel  task  for  the  engineer 
of  the  spending  company. 

In  this  case  the  putting  of  the  cart  (as  it  were)  before  the 
horse  fortunately  did  not  end  in  miscarriage.  The  engineers  on 
both  sides*  were  anxious,  while  doing  justice  to  their  employers, 
to  arrive  at  a  feir  and  reasonable  solution,  and  Mr.  Preece  could 
tell  you  that  it  ended  in  only  about  half  a  dozen  points  of 
difference  between  them  and  me  having  to  be  referred  to  him,  in 
specifications  containing  nearly  120  pages  of  closely  printed 
matter. 

In  these  specifications,  although  the  specialities  of  the  two 
contracting  firms  were  well  known,  nothing  was  laid  down  to 
confine  them  to  their  own  particular  make  of  engines,  boilers, 
dynamos,  transformers,  and  lamps. 

The  contractors  described  to  me  the  sizes  of  the  units  they 
desired  to  employ.  They  are  not  limited  to  any  particular  form 
of  driving,  and,  as  fieu:  as  possible  to  produce  uniformity,  the 
speeds  and  electrical  conditions  which  they  desire  to  use  are 
allowed. 

Economising,  automatic  stoking,  and  condensing,  and  all 
possible  acessories — including  testing  and  switch-room  apparatus 
and  fittings — are  required  of  capacity  equal  to  the  full  output 
of  the  plant. 

All  the  conditions  of  the  different  stages  of  generating  are 
rigorously  prescribed  so  far  as  the  results  under  test  are 
concerned.     For  instance,  it   is  laid  down  in  the  specifications 

*  Mr.  Raworth,  and  Professor  Kennedy  assisted  by  Mr.  Wharton,  represented 
the  two  contracting  companies,  while  I  represented  the  City  of  London  Electric 
Lighting  Co. 
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that,  after  providing  for  all  extraneous  steam  consumption  and^wai 
waste,  the  standard  of  consumption  of  coal,  including  the  steam 
used  in  the  condensing  pumps,  shall  not  exceed  5  lbs.  for  the 
high-tension  alternating  currents,  and  7  lbs.  for  the  high-tension 
continuous  currents,  per  Board  of  Trade  unit  delivered  at  the 
terminals  of  the  primary  mains  in  the  stations.  Amongst  the 
extraneous  uses  of  steam  to  be  excluded  from  the  above  basis  are 
included  that  used  for  the  power  expended  in  moving  water, 
coal,  and  refuse. 

The  tests  to  prove  this  are  adapted  to  the  circumstances  of 
running  the  station* — a  matter,  as  most  of  us  know,  not  always 
easy.  Therefore  their  nature  and  number  are  to  be  subject  to 
the  approval  of  the  engineer,  so  as  not  to  clash  with  the  con- 
ditions of  statutory  supply  from  the  station. 

The  tests  of  each  unit  estimated  to  have  an  output  of  400 
kilowatts,  or  of  each  group  of  units  with  an  output  of  1,200 
kilowatts,  are  necessarily  dependent  on  the  circumstances  of  the 
load  on  the  station. 

The  alternating  plant — both  Brush  and  Thomson-Houston — 
was  experimental  at  the  time  the  contracts  were  made,  therefore 
the  first  examples  had  to  be  under  trial  for  six  months.  These 
trials  had  to  be  coincident  with  the  supply,  and  dependent  on  the 
load  on  the  station,  and  the  contractors  for  that  period  were  to 
be  responsible  for  failure  of  all  kinds. 

Under  strict  penalties,  the  contractors  are  answerable  for 
the  dimensions  of  foundations,  flues,  and  chimneys,  and  are 
required  to  guarantee  absence  of  vibration,  noise,  and  smoke 
nuisance. 

As  regards  the  boiler  tests,  under  the  usual  conditions  of 
temperature,  external  and  at  the  base  of  the  chimney,  and  state 
of  barometer,  and  with  coal  having  a  calorific  value  of  13,500,  it 
is  obligatory  that  77  per  cent,  of  the  heat  is  transferred  to  the 
water  by  the  boilers  and  economisers  together. 

As  regards  the  consumption  per  H.P.  of  steam  in  the  engines, 

*  The  coDtractore  coold  not  provide  means  of  raoning  their  large  dynamos  at 
their  works.  All  real  tests  had  to  be  made  after  delivery.  This  was  an  inherent 
difficalty  for  the  engineer. 
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fTeneni  the  Brush  Company  have  agreed  to  a  limit  with  full,  load  of 
22  lbs.  of  steam  exhausting  to  the  atmosphere,  and  18  lbs.  when 
condensing.  The  Laing,  Wharton,  &  Down  Company  have  agreed 
to  a  limit  of  20  and  17  respectively. 

For  the  commercial  efficiency  of  the  electrical  400-kilowatt 
generators,  80  per  cent,  when  working  at  full  load  is  prescribed, 
2  per  cent,  of  that  only  being  allowed  to  be  absorbed  in  the 
excitation. 

Besides,  there  was  given  a  description  of  every  test  which  each 
portion  of  the  plant  would  be  required  to  sustain.  At  the  same 
time  the  widest  latitude  as  regards  deaig^if  throughout  the  whole 
of  the  station  plant  and  accessories,  is  allowed.* 

I  do  not  know  if  the  meeting  considers  if  any  better  way 
could  be  adopted  for  protecting  the  expenditure  of  capital  and 
stimulating  the  energies  of  contractors,  after  it  had  been  decided 
by  others  how  much  should  be  spent,  how  much  should  be  the 
maximum  output  of  the  plant,  and  who  were  to  be  the  contractors. 

What  was  probably  one  of  the  most  difficult  parts  of  the  task 
was  the  description  of  the  details  of  the  adaptation  of  portions  of 
the  plant  to  sites  and  buildings  still  under  design,  so  that  no 
extras  on  the  contracts  should  arise,  and  thus  the  equipment  of 
the  stations  and  sub-stations  should  be  of  the  most  complete  and 
up-to-date  description,  and  fiilly  equal  to  the  requirement  of  the 
capacity  which  the  contractors  had  undertaken  to  provide. 

Both  sites  presented  exceptional  features,  and  the  designing 
of  the  building  structures  for  each  differed  entirely. 

That  for  the  Wool  Quay  (since  abandoned)!  required  a  building 
in  which  the  floor  of  the  basement  would  have  been  20  feet  below 
high-water  mark,  and  the  station  plant  would  be  placed  on  floors 
one  above  the  other ;  the. generators  to  be  in  the  basement,  the 
boilers  over  (on  a  Hobson's  steel  girder  floor),  and  the  coal  above. 

The  site  at  Meredith's  Wharf,  although  the  essential  features 


*  The  e»ence  of  these  specifications  was  that,  except  in  respect  to  a  few 
points  not  within  the  scope  of  the  contractors*  work  as  electrical  engineers,  all 
details  of  design  were  left  to  them,  subject  to  the  final  approval  of  the  engineer. 

t  This  site  had  to  be  taken  over  by  the  City  company  uAder  the  ^*conc€S' 
"  nonttirf  "  contnicts. 
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of  the  first  design  have  been  retained,  has  been  so  enlarged  that  oenemi 

,  .      .  -  Webber. 

any  descnption  of  it  that  might  be  attempted  in  this  paper  would 
not  be  suflScient.* 

The  estimate  of  the  load-£EM$tors  of  the  puUic  lighting  of 
the  City  may  be  here  made  with  some  interest. 

Adopting  Mr.  Crompton's  figure,  which  allows  25  per  cent, 
for  extra  or  reserve  machinery,  in  the  case  of  the  public  lighting 
the  capacity  of  the  plant  is  890  —  222  =  668  kilowatts,  or 
5,851,680  kilowatts  per  annum.  The  515  arc  lamps  represent 
257,500  watt-hours,  and  the  906  glow  lamps — half  being 
100  watts,  and  half  50 — represent  67,950  watts  more,  or  a 
total  houriy  consiunption  of  325*45  kilowatt-hours,  which,  with 
4,030  running  hours  in  the  year,  gives  a  load  of  1,311,562  units 
per  annum. 

But,  in  fiEict,  the  amount  of  the  above  plant  that  is  spare,  or 
available  for  arc  Ughting  in  public  buildings  and  elsewhere,  is  very 
large,  and  it  is  better  to  regard  the  actual  capacity  of  the  plant 
exclusively  devoted  to  public  lighting,  including  reserve,  as 
represented  by  sixteen  '50  (500-watt)  light  machines,  with  an 
annual  total  capacity  of  3,504,000  kilowatts.  This  will  give  a 
load-£Gtctor  of  37-4. 

*  Distribution. 

Outside  the  Postal  Telegraph  and  the  City  engineer's  o£Sces 
there  was  no  one  who  could  form  any  accurate  Idea  of  the 
condition  of  things  below  the  surface  of  the  City  streets. 

The  subways  in  Victoria  Street,  in  Arthur  Street,  and  in  the 

*  The  Institntion  will  be  better  senred  if  I  leave  it  to  the  gentlemen  who  were 
selected  by  me  as  my  assistants  for  that  part  of  the  work,  and  who  bare  actually 
since  carried  it  out — namely,  Ck>lonel  Seddon  (late  R.E.)»  and  Mr.  C.  Thompson. 
The  meeting  will,  I  hope,  understand  that  in  refraining  to  give  any  detailed 
description  of  the  equipment  of  the  stations  I  am  influenced  by  the  wish  that  such 
should  be  undertaken  either  by  the  engineers  of  the  respective  contractors  who 
designed  and  erected  them,  or  by  Mr.  J.  H.  Jackson  (one  of  my  assistants),  who  is 
still  superintending  the  same.  As  regards  the  building  structures,  I  may,  however, 
add  that  of  three  chimneys  designed,  and  specified  and  contracted  for  under  me, 
one— t.e.,  that  now  to  be  seen  close  to  Bankside — has  been  erected.  There  are 
features  of  its  construction,  especially  with  reference  to  the  bond,  that  I  should 
like  to  have  time  to  describe.  It»  cost  was  £2,075,  its  height  150  feet,  and  its 
internal  diameter  12  feet. 
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Holbom  Viaduct,  although  suitable  for  through  mains  of  supply 
of  any  kind,  were  eminently  not  so  for  electric  distribution  con- 
ductors, which  have  to  be  tapped  at  frequent  intervals  for  the 
supply  of  current  for  public  and  private  lighting.  Although 
forced  to  use  them,  the  cost  of  such  mains  and  services  to  a 
supply  company  is  higher  than  if  the  lines  were  laid  under  the 
footway  on  either  side.* 


*  In  March,  1890,  the  London  County  Council,  with  the  approval  of  the  Board 
of  Trade,  and  the  confirmation  of  the  Home  Secretaiy,  under  the  terms  of  the 
Metropolitan  Subways  and  Government  Acts  of  1868  and  1888,  had  published  bye- 
laws  for  regulating  the  use  of  subways.  These,  while  in  force  in  the  Queen 
Victoria  Street  subway,  are  not  so  in  those  under  the  Holbom  Viaducft  and  Arthur 
Street 

Anyone  who  has  used  street  subways  for  electrical  conductors,  in  common  with 
gas,  water,  and  other  companies,  wiU  understand  that,  except  for  primaries,  the 
electrical  engineer  would  much  rather  remain  outside. 

The  bye-laws  are  excellent  for  the  regulation  of  this  user,  but  the  panacea 
which  excellently-intentioned  persons  believe  exists  in  street  subways  fnlls  short 
of  theirs  and  the  public's  expectationa 

The  law  allows  the  local  authority  to  oblige  us  to  use  them  where  they  exist, 
and  to  charge  us  a  rental  for  that  use ;  but,  as  the  word  "  pipe  "  in  the  Act  includes 
a  "tube  for  wires,**  and  as  the  rental,  irrespective  of  the  number  of  wires,  is  £16 
per  annum  for  a  8-inch  pipe  for  the  1,200  yards  of  the  Queen  Victoria  Street 
subway,  and  JU9  per  annum  for  one  under  18  inches  diameter  for  the  same  length, 
the  way-leave  is  not  veiy  costly,  but  the  cost  of  using  it  is  extremely  so. 

Sections  of  some  of  the  subways,  with  the  conduits  placed  in  each  for  electric 
light  conductors,  are  shown. 


n~-D 


Fio.  2. — ^Holbom  Viaduct  Subway. 


Fio.  8.— Holborn  Viaduct 
Narrow  Subway. 


In  every  case,  the  obligation  to  use  the  subway  instead  of  the  ground  under 
the   footways  entailed    excessive   expenditure — namely,  on  works  In   breaking 
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My  own  Postal  Telegraph  experience  in  1871  and  1872  had  ^^^Jjj 
been  in  the  difficult  ground  in  thoroughfiures  like  Corahill ;  and 
although  in  1891  and  1892  places  were  come  upon  where  hardly  a 
single  conduit  could  be  laid,  the  task,  owing  to  the  system  adopted, 
proved,  on  the  whole,  less  difficult  than  was  anticipated  ;  and,  as 
was  expected,  generally,  the  thoroughfares  running  north  and 
south  were  easier  than  those  east  and  west,  for  the  reason  that 
most  water,  gas,  and  telegraph,  mains,  tend  from  the  City  towards 
outside  centres  in  the  latter  directions. 

The  pioneer  work  included    the  opening  of  certain    main 
thoroughfares,  so  that  the  arc  lighting  might  be  got  forward. 


/ooCivay. 


roadwa 


t/enttlator 


Fie.  4.-»Siibwa7,  Charterhouse  Square,  with  Street  Box. 

through  the  massive  arches,  and  deep  cuttings  in  the  roadways,  to  get  at  the 
street  lamps,  and,  in  many  places,  to  obtain  access  to  the  houses,  in  some  places 
30  feet  away. 

In  the  Arthur  Street  and  Holbom  Viaduct  subways  a  large  number  of  <*  ways  *' 
in  Callender- Webber  casing  have  been  secured  at  a  very  little  cost 


Fig,  5.— Subway,  Arthur  Street. 
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WebWr. 


In  these,  the  most  thronged  streets  of  the  City,  it  was 
essential  not  to  have  to  repeat  the  inconvenience  of  opening 
the  ground.  Whatever  was  laid  down  at  the  first  operation  had 
to  form  a  portion  of,  and  suffice  for,  the  completed  scheme. 

In  a  matter  so  long  under  my  own  consideration  I  had  no 
hesitation  in  recommending  that  sufficient  conduit  accommodation 
should  be  provided,  and  that  it  should  take  the  following  form, 
viz. : — t 

(a.)  Iron  pipes  for  concentric  high-tension  mains  firom  the 
generating  to  the  transforming  stations. 


In  the  Qoeen  Victoria  Street  subway,  cast-iron  troughing  on  wall  brackets, 
08  first  designed,  proved  an  awkward  and  costly  arrangement  in  man/  ways ;  the 
weight  of  the  stracture  was  nearly  8  cwt  per  yard. 

Lighter  tronghing  designed  by  me  was  adopted,  of  which  follow  sections. 


— T 

i 

I 
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Fio.  6.— Section 
Square  Trongh. 


Fio.  7. — Section 
Rolled-Iron  Trough. 


Fig.  8.— Section  Trough  with 
Cables  in  it. 


The  trough  (Fig.  8)  contains  cables — six  of  1*9^  external  diameter,  three  of  1*5'' 
oxtemal  diameter,  and  four  of  0*7^  external  diameter ;  with  a  carrying  capacity  in 
section  of  copper  ayailable  at  2,000  rolts  »  0*09",  at  200  Tolts  =-  2'V\  Weight 
of  trough  per  yard  »  90  lbs. ;  cost  of  trough,  fixed,  166.  per  yard— with  conductors, 
high-insulation  bitumen,  £4  28.  per  yard  run. 

The  essential  objections  to  working  in  such  subways  (apart  from  maintenance) 
are^l)  The  difficulties,  physical  and  otherwise,  of  access  to  them,  both  for/>«r- 
scnnel,  material,  and  plant ;  (2)  the  delays  to  work,  due  (a)  to  defective  lighting, 
(6)  time  required  to  communicate  with  the  authority  and  other  occupiers,  (c)  to 
foul  atmosphere ;  (3)  the  engineering  obstacles  due  to  the  works  of  previous 
occupiers,  and  to  the  cutting  in  and  out  where  necessary  to  reach  side  streets. 

t  The  entire  responsibility  of  thus  advising  the  pioneer  company  rests  with 
me.  As  the  pioneer  contracts  (with  the  making  of  which  I  had  nothing  to  do) 
had  only  provided  conduits  sufficient  for  the  cables  from  the  pioneer  generating 
stations,  and  had  specified  nothing  as  regards  the  underground  conditions,  it  was 
necessary,  in  order  to  prevent  the  consequent  waste  of  having  to  excavate  the  same 
ground  twice,  to  nmke  additional  provision.  And  as  the  isolated  areas  treated  by 
these  pioneer  contracts  had  to  be  considered  as  forming  a  part  of  the  great  whole, 
all  the  details  of  the  completed  work  had  to  be  gone  into. 
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(6.)  Iron  pipes  for  continuous-current  hifirh-tension  mains  for  General 

^,  ,  ,.  ,r   ,     .  Webber. 

the  public  arc  hghting. 

(c.)  Bitumen  concrete  casing  for  three  ways,  to  accommodate 
the  conductors  of  a  low-tension  distributing  system,  both  feeders 
and  distributors. 


>\\.^u\\\:vorm-tana'm0.m 


Fig.  9. — Sections  of  Boad. 

The  future  needar  of  the  great  whole  had,  as  I  shall  describe 
further  on,  to  be  thought  out  before  March  of  1891,  so  that  each 
part  of  the  work,  however  preliminary,  should  eventually  fit  in 
to  the  permanent  system. 

The  future  need  for  spare  conduits,  possibly  for  telephones, 
had  also  to  be  thought  of,  and  it  was  provided  for  as  far  as  the 
very  limited  space  under  the  footways  of  those  thoroughfares 
which  were  first  treated  would  permit. 

The  question  of  interference,  through  the  neighbourhood  of 
alternating-current  working,  with  telegraph  and  telephone  circuits 
was  at  that  time  under  public  discussion. 

I  had  very  little  time,  and  had  to  be  satisfied  with  one 
experiment  having  the  object  of  observing  the  screening  effect 
which  was  anticipated  would  exist  through,  the  interposition 
of  what  might  be  called  "  faggots "  of  iron  pipes,  lying  in  the 
same  trench  as  the  non-conducting  conduits,  into  which  the  low- 
tension  distributing  mains  were  to  be  drawn. 

For  the  experiment,  conduits  and  pipes  were  laid  on  trestles 
under  nearly  the  same  conditions  as  in  the  trench,  and  a  200- 
volt  current  with  100  frequency  (obtained  by  transformation) 
and  100  amperes  was  passed  through  two  of  the  three  ways  of 
a  bitumen  concrete  conduit,  in  conductors  having  a  sectional  area 
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of  copper  of  about  one-tenth  of  an  inch.  Telephone  circuits  with 
metallic*  returns  laid  parallel  were  tried.  The  iron^tubes  were 
placed  at  various  distances  and  in  various  numbers. 

Imperfect   as   the  trial  was,  it   gave   us 

security  that  at  a  distance  of  12  inches  from 
the  Callender-Webber  casing,  twin  telephone 
circuits  in  iron  pipes  would  be  fairly  secure 
from  trouble.  But,  as  an  additional  precau- 
tion, it  was  decided  to  sheath  the  casing  with 
iron.  Within  a  distance  of  about  6  inches  a 
very  slight  disturbance  could  be  still  heard. 
A  sample  of  casing  thus  treated  is  on  the  table 
^^^^gS        amongst  the  other  samples  illustrated. 

The  choice  was  further  justified,  because 
the  Duke  of  Marlborough,  with  his  usual  fore- 
sight, asked  several  practical  engineers  to 
meet  him  in  a  friendly  way  soon  after  this 
advice  had  been  given  and  adppted,  in  order 
to  discuss  the  whole  question. 
■  From  my  notes  of  that  meeting,  held  on 

Ainn  the  23rd  and  24th  March,  1891,  I   find  the 

OOOOO  conclusions  then  come  to  coincided  with  the 
"^~~^^  system  above  referred  to,  which  was  already 
UU^  in  course  of  execution. f 

The  following  recommendations  were  for- 
mulated, with  general  concurrence :— ^ 

(1.)  That  a  separate  way  should  be  pro- 
vided for  each  separate  conductor,  for  the  pur- 
pose of  drawing  in  and  out  between  flush- 
boxes. 


A 
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Fio.  10.— Various 
Typical  Examples  of 
Sections  of  Conduits. 


*  Experiments  made  in  ISSO  with  telephone  circoits  with  and  without  earth 
returns,  between  Paddington  and  Westbonme  Stations,  laid  in  the  same  wooden 
troughs  as  40  or  50  working  single-  and  double-current  telegraph  circuits,  saved 
me  from  having  to  make  any  trial  with  earth  return  for  the  telephones. 

t  Those  present  at  this  meeting  were— The  Duke  of  Marlborough ;  Messrs.  T. 
Callender,  Oordon,  Gray,  Heaviside,  Mavor,  Kaworth,  A.  Siemens,  Wharton,  and 
Major-General  Webber.  It  is  not  to  be  assumed  that  unanimity  on  matters  of 
detail  was  expected  or  arrived  at.    As  regards  anticipated  electrical  troubles,  the 
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(2.)  That    the  high  -  tension   primary  alternating  currents  oenemi 
should  have  concentric  conductors  with  vulcanised  rubber  dielec- 
tric, and  be  drawn  into  iron  ways. 

(3.)  That  the  arc  lighting  continuous-current  conductors 
should  be  concentric,  and  drawn  into  an  iron  way,  except  in  the 
lengths  where  the  circuit  is  connected  with  lamps,  when  the  7/16 
conductors  should  be  separate,  so  as  to  avoid  joints. 

In  connection  with  the  secondary  distributing  conductors,  the 
use  of  the  three-wire  system  having  been  admitted,  various  means 
of  laying  were  examined — such  as  large  iron  pipes,  with  and 
without  interior  separate  ways  for  the  cable ;  the  use  of  paper 
tubes  in  iron  cases ;  iron  tubes  lined  with  bitumen  ;  and  earthen- 
ware cases,  with  ways  similar  to  the  Callender- Webber  bitumen 
concrete  cases. 

After  carefully  considering  the  conditions  of  the  City  streets, 
and  all  the  circumstances  of  difficulty  that  were  being  met  with 
and  known  to  exist,  the  use  of  bitumen  concrete  cases  with 
separate  ways ;  and,  in  view  of  the  experience  and  evidence  of  its 
efficiency,  the  use  of  Callender's  bitumen  insulation  for  the 
secondary  distributors,  met  with  approval. 

After  hearing  all  that  was  to  be  said  as  to  the  conditions  for 
providing  drawing-in  and  joint  boxes  in  the  City  streets,  no 
doubt  remained  as  to  the  necessity  for  using  a  common  box  in 
most  situations  for  all  main  circuits  and  their  joints,  and  of 
making  them  as  large  as  the  space  below  the  surface  would  permit. 


aroidance  of  ioterraption  of  telegraph  and  telephone  circuits  was  the  only  thing 
dealt  with  at  those  consnltatioDs. 

Those  present  had  till  then  had,  I  must  presume,  no  practical  experience  of 
the  resistances  due  to  skin  effect,  or  self-induction,  in  the  case  of  single  conductors 
of  OTer  one-third  of  an  inch  section  of  copper  uesd  to  convey  alternating  currents 
at  low  pressure. 

The  use  of  concentric  lead-covered  cables  laid  in  the  evth,  with  iron  split- 
tube  protection  where  joints  have  to  be  made,  was  discussed  with  the  advocates  of 
that  system  as  used  in  Germany,  and  its  advantages,  both  as  to  reliability,  manage- 
ability, and  first  cost,  in  comparison  with  two  or  more  highly, insulated  conductors 
in  one  iron  pipe,  were  weighed,  especially  in  view  of  the  claim  that,  wherever  laid, 
it  is  everlasting. 

The  question  of  influence  on  telegraphs  and  telephones,  and  the  means  of 
screening  or  damping  down  the  magnetic  field,  was  discussed,  and  various  experi- 
ences at  Bath,  Newcastle,  and  in  T>ondon  were  quoted. 
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The  justification  of  the  adoption  of  these  resolutions  was,  both 
from  the  engineering  and  financial  point  of  view,  as  follows : — 

The  use  of  footways  wherever  possible  had  been  prescribed  by 
the  Commissioners.  In  spite  of  having  to  keep  6  inches  under 
the  lower  side  of  the  paving-stones,  it  entailed  less  labour  in 
excavating. 

At  the  place,  where  they  had  to  be  necessarily  carried  under 
the  roadways,  the  conduits  had  to  be  laid  below  paving  and 
concrete  sometimes  2  feet  in  thickness.  With  a  surface  subject 
to  the  City  traflSc  the  numerous  draw,  service,  and  other,  flush 
boxes,  would  have  been  impossible.* 

The  space  available  below  the  surface  was  occasionally  entirely 
occupied  by  cellars,  areas,  and  other  pipes,  and  the  work  had  to 
be  carried  out  in  the  presence  of  officials  representing — 

1.  The  Commissioners  of  Sewers. 

2.  The  Postmaster-General. 

3.  The  Gas  Light  Company. 

4.  The  Water  Company. 

5.  The  Hydraulic  Main  Comjiany. 

6.  The  District  Surveyor. 

The  condition,  exacted  rigorously — namely,  that  no  pipe  or 
conduit  should  be  placed  vertically  over  or  within  6  inches 
horizontally  of  an  existing  pipe — was  a  most  arduous  one  to 
fulfil. 

My  procedure  in  the  most  difficult  streets  was  as  follows  : — 
Having  decided  on  the  maximum  number  of  "  ways "  that 
should,  and  (if  possible)  be,  laid  under  the  footway,  I  began  by 
examining  it  personally,  having  first  obtained  fit)m  the  authorities 
I  have  named  all  possible  information  as  to  their  pipes — 
information  that  was  sometimes  very  imperfect.     I  then  measured 


^  The  following  figures  j^ive  an  idea  of  the  traffic  in  the  City : — By  bridges, 
streets,  railway  stations,  landing  piers,  and  subways  there  are  SI  means  of  public 
access.    By  these  the  dailif  traffic  was — 

18S1.  1891. 

Vehicular—  During  16  hours 66,909        ...        S5,286 

During  8  hourj* 4,984        ...  6,646 

Pedestrinn— During  16  hours 739,640        ...    1,100,636 

During  8  hours 57,923        ...        85,458 
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carefully  all  cellars,  arches,  and  areas,  and  had  trial  holes  opened  ^^^l^^^* 
wherever  exceptional  difficulty  was  anticipated.  In  many  cases, 
such  as  in  King  William  Street,  so  contracted  was  the  space  that 
several  ways  which  were  act^ually  necessary  had  to  be  omitted  and 
taken  another  way,  and  occasionally  a  deviation  under  the  road- 
way was  obligatory. 

The  intricacies  of  the  trench  opened  under  such  conditions 
could  not,  I  believe,  have  been  followed  with  any  other  system  of 
ways — namely,  the  combination  of  Callender- Webber  casings  and 
wrought-iron  tubes.  Both  these  are  capable  of  be|ng  bent  on  the 
ground  to  any  reasonable  curve — in  the  case  of  the  iron  pipes  by 
the  ordinary  means,  and  in  the  case  of  the  bitumen  concrete 
cases  either  by  warming  the  case  and  bending  it  when  soft,  or  by 
laying  short  lengths  and  setting  them  at  an  angle  to  one  another 
with  mitred  ends ;  the  length  of  the  short  pieces  and  the  angle 
of  the  mitres  being,  of  course,  dependent  on  the  radius  of  the 
segment  of  the  curve  that  has  to  be  followed. 

The  difficult  problem  that  faced  the  company  in  August,  1891, 
was  the  obligation  to  lay  down  their  mains  and  complete  the 
public  lighting  in  all  or  parts  of  53  streets  by  February,  1892, 
requiring  approximately  17  miles  of  trench;  and  that  the 
Conmiissioners  were  likely  to  be  very  stiff  as  to  punctuality. 

A  careful  consideration  of  the  case  in  its  various  aspects  had 
led  me,  when  acting  (up  to  and  before  1890)  as  technical  adviser 
to  the  Brush  Company,  to  regard  the  adoption  of  alternating 
currents,  delivered  at  high  pressure  and  distributed  at  low 
pressure,  as  the  service  most  suitable  for  private  lighting  in 
the  City. 

There  was  no  hesitation  on  the  part  of  all  concerned  to 
adopt  it,  particularly  as  in  the  case  of  the  contractors  the 
Mordey  and  Thomson-Houston  systems  had  in  1890  reached 
considerable  perfection. 

The  conditions  which  emphasised  this  view  in  my  mind  were 
geographical  and  local  as  regards  the  City.  Whatever  may  have 
been  the  ultimate  practice,  they  were  paramount  during  the 
preliminary  stage.  They  were,  first,  on  account  of  cost  of  ground, 
that  the  generating  stations  should  be  at  a  distance ;  second,  on 
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cieuerai  accoiint  of  the  exceptional  difficulties  in  the  streets  for  laying 
mains,  the  desirable  frequency  of  converting  stations  might  be 
impossible  to  achieve. 

When  the  concessionaires  (i.e,,  the  contractors)  had  the  matter 
in  their  own  hands,  the  sites  already  named  for  the  generating 
stations  were  secured  in,  or  in  close  proximity  to,  the  City. 
Although  this  was  a  reversal  of  conditions,  the  selections  were 
probably  wisely  influenced  by  question  of  facilities  for  sea-borne 
coal  and  condensing  water,  and  largely  controlled  by  the  diffi- 
culty created  by  the  Electric  Light  Acts  in  getting  way-leaves 
through  the  areas  of  neighbouring  local  authorities.* 

The  facility,  or  otherwise,  of  obtaining  sites  for  transforming 
stations  could  not  be  fully  gauged  during  the  preliminary  stage, 
and  space  underground  to  be  found  for  large  conductors  could 
only  be  expected  to  a  very  limited  degree.  If  we  had  only 
known  as  much  as  experience  has  since  shown,  it  is  quite 
possible  that  a  continuous-current  system  of  distribution  would 
have  had  as  good  a  chance  of  being  adopted  as  the  alternating 
system. 

Distribution  with  low  pressure  from  transforming  stations 
entailed  a  network  on  the  well-known  lines,  with  distributing 
service  mains  and  feeders.  When  the  time  arrived  for  the  City 
to  be  divided  into  areas,  each  to  be  served  by  a  transforming 
station,  with  all  the  stations,  if  not  the  areas,  intercommunicat- 
ing, the  areas  and  points  for  the  stations  had  to  be  approximately 
assumed,  and  the  number  of  ways  estimated  that  would  be 
required  under  each  footway  throughout  the  whole  City.  It 
would  have  been,  of  course,  easier  to  have  first  found  sites  for 
the  sub-stations  and  then  arranged  the  areas  to  be  served  by 
them ;  but,  as  the  main  thoroughfares  traversed  the  City  through- 
out in  all  directions,  there  was  no  area  that  was  not  touched  by 
the  work  requiring  immediate  completion,  so  that,  to  be  able  to 
get  the  above-named  17  miles  done,  all  had  to  be  considered  in 
advance. 

*  For  instance,  negotiations  extending  over  three  years,  with  that  object  only, 
that  I  had  conducted  for  the  Brush  Company  with  some  local  authorities  on  the 
•     Surrey  side,  ended  only  in  obliging  the  company  Co  seek  and  obtain  a  provisional 
order  for  the  SU  Saviour's  disttrict. 
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The  combination  of  casings  with  l^ineh  and  2|-inch  pipes  (see    oenemi 
samples  exhibited)  required  a  minimum  sectional  area  of  trench 


varying  according  to  locality,  and  if  the  soil  below  the  footways 
had  been  comparatively  free  there  would  have  been  little  difficulty 
VOL.  xxni.  11 
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in  arranging  the  position  of  the  ways  relatively  to  one  another,  so 
as  to  snit  all  requirements. 

It  was  essential — 

(a.)  To  place  them  so  that  the  relative  positions  of  the  ends 
should  coincide  at  any  rate  between  box  and  box,  no  matter  what 
might  be  their  vagaries  in  the  interval. 

(b.)  That,  where  the  trench  was  opened  alongside  of  a  line  of 
pipes  enclosing  telegraph  conductors,  the  mass  of  the  iron  pipes 
should  be  laid  between  the  alternating  low-pressure  conductors 
and  the  same,  to  aid  in  screening  the  inductive  effect  on  the 
smaller  currents. 

(c)  That  the  ways  destined  to  be  used  for  the  arc  lighting, 
and  for  the  distribution  in  the  street  itself,  should  be  nearest  the 
sm&oe.  As  it  was,  the  fulfilment  of  these  and  all  other  con- 
ditions I  have  mentioned  was  often  absolutely  impossible. 


Fio.  12.^ExampIe,  Street  Box. 

The  obligatory  positions  of  boxes  for  drawing  in  and  out  and 
for  access  to  the  cables  (exclusive  of  house  service  and  street  lamp 
boxes,  which  were  only  for  access  to  the  cables  required)  were 
numerous,  as  it  was  necessary  to  place  one  at  every  street  corner, 
and  wherever  a  serious  change  of  direction  occurred.     Still,  the 
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lineal  space  of  line  of  main  occupied  by  boxes  was,  on  an  average,  oeneiai 
only  about  2  yards  in  every  100.  These  boxes  were  made  as 
large  as  possible,  which  is  not  saying  much ;  I  aimed  at  making 
them  large  and  deep  enough  for  a  man  to  get  entirely  inside, 
but  this  was  rarely  possible.  Owing  to  the  obstruction  under- 
ground, they  are  of  every  conceivable  size  and  shape. 

Drainage,  and  access  of  gas  from  the  surrounding  soil,  are 
conflicting  conditions.  The  drainage  had  to  give  way  unless  some 
nearer  outlet  was  evident,  and  the  boxes  were  made  as  gas-tight 
as  cement  and  glazed  or  impervious  bricks  could  make  them. 

This  question  of  the  presence  of  explosive  mixtures  in  street 
boxes  has,  as  my  audience  knows,  been  several  times  brought  to 
notice  by  explosions — one  lately  in  the  Western  district,  on 
Ludgate  Hill.  My  own  view  of  this  particular  condition  of 
danger  has  been  to  do  everything  to  prevent  the  coal  gas  getting 
into  a  box,  and  I  believe  this  can  be  secured  with  proper 
precautions,  apart  from  the  occasional  possibility  of  being  able  to 
ventilate  by  in-draught  and  out-draught  ducts. 

The  precautions  are — (a)  Good  joints  between  case  and  case, 
ensured  by  finally  passing  the  red-hot  ^< mouse"  through  each 
joint  after  the  casing  has  been  laid;  (b)  absence  of  air  space 
between  the  cases  and  the  iron  sheathing ;  (c)  careful  sealing-in 
round  the  iron  tubes  and  bitumen  cases  where  they  pass  through 
the  wall  of  a  box ;  (d)  careful  plugging  of  all  "  ways  "  not  in  use, 
and  caulking  with  tarred  yam  round  the  cables  where  they 
emerge  from  the  **  ways ; "  (e)  the  use  of  drainage  only  where  the 
pipes  are  sure  not  to  become  ducts  for  gas ;  (/)  ordinary  care  in 
the  use  of  lights  until  gas  is  clear. 

.  The  nature  of  the  material  in,  and  shape  of,  the  frames  of  the 
iron  covers  were  the  outcome  of  some  experience.  Nothing 
is  better  than  a  wide  rim  to  the  frame,  roughed  to  prevent 
slipping,  filled  in  with  fine  Portland  cement  concrete,  made  with 
very  hard  material,  and  allowed  some  weeks  to  set.  The  bad 
ones — and  I  see  there  are  some — were  the  result  of  want  of  care 
and  bad  material.  The  wide  rim  provides  space  for  letters  indi- 
cating the  ownership  of  the  box. 

In  the  trenches  opened  for  that  purpose  all  the  conduits  for 
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conductors,  the  need  for  which  in  the  future  could  be  foreseen,  had 
to  be  provided — 

(a.)  For  the  public  lighting  high-pressure  conductors,  concen- 
tric in  some  lengths,  separate  in  others.  (See  samples  of  1^-inch 
pipes.) 


I'lOi*— -  — ♦ 


•  Vior- 

j : <^\: -i 


'^'4k'' 


.-  .^ .Si: 


^— — re- -^ 


Fio.  18. — Example,  Cover  to  Street  Box. 


(6.)  For  the  private  lighting  primary  high-pressure  concentric 
conductors  from  the  central  to  the  converting  stations,  and 
between  the  latter.     (See  samples  of  2^-inch  pipes). 

(c.)  For  the  three-wire  feeding  mains  to  points  in  the  network.. 
(See  various  sections  of  casing.) 

(d.)  For  the  three-wire  distributing  low-pressure  conductors  of 
the  network.     (See  various  sections  of  casing.) 

(e.)  For  the  pilot  or  signal  wires  for  the  service  of  the 
company — one  in  each  trench. 

(/.)  For  spares  and  the  future  use  of  telephone  conductors — 
as  many  in  some  places  as  23 — as  the  probable  future  demand 
indicated.* 

As  an  under-estimate  of  the  number  and  size  of  these  meant  a 
waste  later  on,  in  having  again  to  open  the  streets,  and  as  an 
over-estimate  would  be  also  wasteful,  it  was  imperative,  as  I  have 
said,  to  make  a  careful  study  of  the  whole. 


*  On  this  subject,  from  the  point  of  view  of  the  telephone  service  of  London. 
1  hope  to  be  permitted  to  read  a  paper  before  the  Institnte  at  a  future  date. 
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This  was  done  with  an  accuracy  only  diminished   by  theoeneni 
following : — 

(a.)  The  number  of  existing  lights  that  might  be  expected 
within  a  given  number  of  years  to  be  replaced  by  glow  lamps. 

(6.)  The  selection  of  the  boundaries  of  the  areas,  and  approxi- 
mately of  the  points  for  the  transforming  stations. 

(c.)  The  desirability,  though  not  an  essential,  of  arranging  the 
areas  so  that  the  difference  between  the  consumption  in  each 
should  not  be  too  great. 

To  the  difficulties  in  finding  sites  for  stations,  and  to  the 
unforeseen  obstructions  to  be  encountered  underground  generally, 
all  these  became  subordinate. 

Careful  canvassing  of  the  City  in  various  typical  blocks  of 
buildings  (a  ^*  block  "  meaning  all  buildings  situated  between  the 
nearest  streets  which  meet  one  another)  showed  that  they  might 
be  roughly  classified  in  three,  and  that  the  number  of  existing 
lights,  or  lamps,  averaged  as  follows,  per  square  yard  of  ground 
space,  was— 


Central. 

Extern. 

Western. 

Firstrclass  blocks,  per  sq.  yd....     0-254 

0-275 

About  the 

Second-class   „              „       ...     0'171 

0-171 

same  as  the 

Third-class     „              „        ...     0-067 

0-100 

Central. 

Another  canvass  led  to  the  conclusion  that  the  proportion  of 
those  existing  lamps  that  might  be  expected  to  be  replaced  by 
glow  lamps  was — 

In  the  first-class  blocks     0*75 

„     second-class 0-50 

„     third-class 0-33 

The  above  figures  were  applied,  and,  the  blocks  being  all 
classified,  and  grouped  in  areas,  so  that  each  area  might,  as  has 
been  stated,  have  approximately  the  same  number  of  lamps,  the 
following  results  were  obtained ;  and,  although  it  will  be  a  very 
long  time  before  its  general  accuracy  can  be  tested,  I  feel  sure 
that,  so  feur  as  the  number  of  lamps  is  concerned,  it  is  not  very  fieur 
from  the  truth,  although  the  number  of  areas  may  vary  very 
much  firom  the  estimate. 

For  the  three  districts  the  following  figures  were  arrived  at : — 
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Glow  Lamps. 

Eastern.  Central.  Western.  TotaL 

18  areas 139,900  _  _  _ 

14     „ —  100,750  —  — 

12    „     —  —  99,547  — 

Total,  44  areas  _  _  _  340,197 

If  these  are  8-C.P.  lamps  of  33  watts,  this  will  give  a  load  at 
the  lamp  terminals  of  11,226*5  kilowatts.  With  96  i)er  cent,  in 
the  transformers  at  full  load  (the  efficiency  specified  under  the 
contract),  and  5  per  cent,  loss  in  the  mains,  primary  and 
secondary,*  the  output  of  alternating  current  of  the  three  stations 
— namely,  12,100  kilowatts— is  not  £Eur  short  of  12,236  demand  the 
TnftTiTTiiiTn  possible  load,  so  that  with  80  per  cent,  of  the  lamps 
alight  there  would  be  nearly  20  per  cent,  spare  generating  plant. 

If  it  may  be  assumed  also  that  each  8-C.P.  (33-watt)  lamp 
uses  18  units  =  6,123,546,  with  20  per  cent,  spare,  the  load-&ctor 
comes  out  =  13*8. 

The  design  of  44  converting  points  in  those  districts  required 
that,  including  spares,  each  transformer  station  should  have,  on 
an  average,  at  Ifeast  275  kilowatts  capacity. 

The  three  first  permanent  sub-stations,  the  sites  of  which  were 
secured  by,  and  the  structures  designed  by,  myself,  were — 

1.  Pancras  Lane  (Bennet  shere-hog),  with  space  for  trans- 

formers having  a  capacity  of  450  kilowatts. 

2.  Nicholas  Lane  (St.  Thomas  Acorn),  with  space  for  480 

kilowatts. 

3.  Queen  Victoria  Street  (St.  Nicholas  Cole  Abbey).     This 

is  a  double  station,  and  has  space  for  648  kilowatts. 

Of  these,  I  only  show  the  design  of  the  first,  it  being  situated 
under  exceptionally  difficult  conditions.    (See  Fig.  14,  &c.) 

Transformation. 

As  has  been  said,  little  progress  could  be  made  with  the 
selection  of  sites  for  permanent  transformer  stations  before  July, 

*  It  U  quite  certain  that  this  ideal  condition  of  efficiency  can  only  be  achieved 
when  a  completed  system  is  at  full  work ;  at  lower  loads  it  will  often  go  down  to 
76  per  cent 
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1891,  as  the  general  scheme,  upon  which  their  relative  positions  otneni 
much  depended,  was  still  under  consideration. 

To  distribute  the  current  generated  in  the  pioneer  stations, 
three  temporary  transforming  stations  were  improvised,  viz. — 
One  in  Queen  Victoria  Street,  in  the  basement  of  No.  47. 
One  in  the  basement  of  the  Mansion  House. 
One  in  St.  Swithin's  Lane,  under  a  restaurant. 

In  no  case  were  these  suited  to  become  afterwards  permanent 
stations,  both  on  accoimt  of  size  and  circumstances  of  surroundings. 

In  the  transformers  first  delivered  the  secondary  windings 
gave  a  pressure  of  l-20th  that  of  the  primary;  and,  as  the 
current  is  delivered  at  an  E.M.F.  of  about  2,050,  and  it  had  to  be 
distributed  in  the  three-wire  mains  with  an  initial  pressure  of 
about  205  vplts,  they  had  to  be  coupled  two  in  series — an 
arrangement  which  would  disappear  with  the  delivery  of  the 
contract  transformers. 

It  early  became  evident  that  the  price,  by  way  of  rent,  that 
would  be  demanded  for  adequate  space  in,  and  access  to,  existing 
buildings,  was  prohibitive  in  the  more  costly  areas.  For  instance, 
in  Lombard  Street,  where  every  square  yard  is  said  to  be  worth 
£1,000,  it  can  readily  be  conceived  that  £500  a  year  was  asked 
for  a  small  room  in  the  basement.  With  this  in  view  it  behoved 
us  to  look  for  what  we  required  to  the  space  under  those  portions 
accessible  to  the  public,  or  not  available  for  building  purposes. 

Careful  searching  showed  that  many  engineering  and  financial 
difficulties  existed. 

For  instance,  at  some  points  where  there  was  evidently  ample 
space  below  the  surfitce,  a  prohibitive  price  was  asked  for  the 
means  of  access  to  it  through  private  property ;  and,  again,  at 
many  such  points,  space  for  access  within  the  area  used  by  the 
public  could  not  be  obtained,  for  various  reasons  of  public  con- 
venience and  safety. 

In  time  our  attention  was  turned  to  the  old  City  graveyards, 
and,  after  long  negotiation  with  the  parish  authorities,  and  with 
the  Consistory  Court  and  the  Commissioners,  leave  was  obtained 
at  a  fieur  cost  to  use  a  small  portion  of  two  of  these  open  spaces 
in  Pancras  and  Nicholas  Lanes,  so  as  to  provide  shafts  for  descent    - 
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to  the  contiiraouB  chambers  to  be  constructed  by  leave  of  the  General 

ri  .     .  Webber 

Commissioners  under  the  foot  or  roadways. 

But,  even  with  this  fiacility, 
the  space  below  was  in  one  case 
— ^namely,  Pancras  Lane— ex- 
tremely limited,  through  the 
existence  of  large  main  sewers 
and  water  and  gas  pipes.  In 
excavating,  large  quantiti^  of 
human  bones  were  met  with, 
which  had  all  to  be  transported 
carefully  for  extramural  re- 
burial. 

The  drawings  show  the 
structure  and  the  conditions 
of  housing  the  transformers 
and  switch-boards  and  con- 
nections. Under  such  circum- 
stances every  inch  was  impor- 
tant, and  it  was  to  the  sugges- 
tion of  my  chieC  assistant,  Mr.  Nisbett,  that  the  plan  of  placing 
the  transformers,  F,  below  the  floor  was  adopted  in  that  station. 
Height  was  the  most  elastic  dimension,  and  it  will  be  seen  that 
the  attendant  standing  over  the  transformers  on  a  stage,  C,  has 
sufficient  headway  to  stand  up  and  attend  to  the  board,  S,  one 
on^the  north,  another  on  the  south  side. 

The  floor  of  this  stage  is  made  of  wooden  squares,  each  of 
which  can  be  taken  off  independently,  and  the  top  end  of  the 
transformer  underneath  exposed.  When  required  to  be  removed, 
it  is  lifted  by  tackle  suspended  to  a  ring  (as  at  W,  Fig.  16)  in 
the  arched  roof,  and,  being  received  on  to  a  hand  truck,  it  is  moved 
along  the  floor  to  the  bottom,  of  the  entrance  shaft,  and  there, 
by  other  tackle,  carried  by  a  tripod  standing  above  on  the  dwarf 
walls,  lifted  up  to  the  surface,  where  it  can  be  lowered  on  to  a 
suitable  trolley  and  taken  away. 

B  (Fig.  16)  shows  where  the  conduits  enter  the  station   at 
the  east  and  west  ends. 


StenOM  AND  tLaVATlON   OF 

wesy  eno 
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D  is  the  entrance  for  access  to  the  descent  by  ladder  into 

the  staging. 
F  indicates  the  18-kilowatt  transformers. 


churrhytmt 


f 


Fio.  18. 

Gr  (Fig.  17),  the  position  of  the  primary  'bus  bars  on  each  side. 
H  (Fig.  17),  the  main  primary  switches. 
K  (Fig.  17),  the  low-tension  middle  bar  which  runs  round  the 

tension. 
L  and  N  (Fig.  16)  are  switches  for  connecting  at  high  tension 

with  other  transforming  stations. 
M  (Fig.  16),  a  switch  to  divide  the  station  in  two  for  repairs. 
0  (Fig.  16),  a  recording  voltmeter. 
P  (Fig.  16),  the  telephone  to  the  generating  station. 
R  (Fig.  16),  one  pole  of  high-tension  bar,  with  a  switch  to 

every  two  transformers,  and  Brush-Mordey  fuses. 
S  (Fig.  16),  low-tension  switches  on  'bus  bar,  with  a  switch  to 

every  two  transformers,  and  separate  fuses. 
T  (Fig.  16),  motor  and  fan  for  ventilation. 
Drainage  by  a  sump,  V,  and  ventilation  by  large  upcast  and 
downcast  shafts,  A,  A  (Fig.  16),  are  provided,  as  well  as  means  of 
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telephonic  communication,  P.    The  cost  of  the  builder's  part  of  oenerai: 
the  structure,  when  completed,  is  about  £430,  with  an  annual 
charge  for  the  way-leave  of  about  £5, 

The  honeycomb  space  under  the  staging  floor  should  be 
able  to  receive  45  10-kilowatt  transformers,  but  of  which  40 
may  be  assumed  to  be  in  use.  The  cost  may  be  considered 
in  the  following  way  :— 

The  present  value  of  £5  a  year  for  21  £ 

years,  at  5  per  cent 64 

CJost  of  building  construction      430 

„      transformers  and  fittings,  as  per 

contract— 400  kilowatts,  at  £7  , .  2,800 
Add  5  per  cent,  for  supervision  and  con- 
tingencies        182 

Total  cost  of  the  transforming  station     . . .     £3,476 

To  arrive  at  the  capital  cost  of  the  plant  between  the  gene- 
rating stations  and  the  low-pressure  feeders,  it  is  necessary  to  add 
the  cost  of  two  concentric  mains ;  and  this  I  have  taken  from 
a  table  that  I  prepared  which  enables  me  to  appropriate  with 
very  fair  accuracy  between  the  conduits  for  various  purposes  the 
cost  of  the  underground  work. 

In  this  case  the  distance  is  about  1,200  yards. 

Carried  down     £3,476 

Two  2  J-inch  wrought-iron  conduits,  at  4s.  4d. 

per  yard  520 

Two  0*1 54-inch  concentric  high-insulation 

1,200-yard  cablesdrawn  in  andconnected     1,150 

These  figures  give  a  total  capital  outlay  of  £5,146, 
which  will  be  repaid,  interest  and  principal,  at  4  per  cent,  in 
21  years  by,  per  annum,  £161 ;  to  which  should  be  added  at  least 
2^  per  cent,  depreciation  and  repairs — say  £136 — and  £70  for 
attendance  and  small  stores :  total,  £367. 

Again,  assuming  a  total  consumption  of  about  18  units 
per  33-watt  lamp  fixed,  and  12s.  the  gross  earnings  per  lamp  per 
annum,  and  allowing  96  per  cent.  eflSciency  as  before,  and  the 
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General  equivalent  of  15y000  8-C.P.  lamps  connected  with  this  one 
station,  or  say  £9,000  per  annum,  the  above  annual  charge  will 
represent  4  per  cent.,  being  a  standing  charge  on  every  unit 
sold.* 

It  being  very  desirable  that  the  works  of  distribution  in  the 
City  should  receive  efficient  criticism,  Professor  S.  P.  Thompson 
was  (at  my  suggestion)  asked,  in  October,  1891,  to  advise  and 
report,  which  he  did ;  and  I  regret  that  circumstances  permit  me 
only  to  give  the  sense  of  his  reports. 

He  dealt  with  the  subject  of  any  possible  advantage  from 
the  use  of  low-tension  dynamos  and  step-up  transformers  at  the 
generating  station,  in  comparison  with  the  generation  aiid  trans- 
mission at  2,000  volts  as  specified,  without  recommending  any 
change  in  the  designs. 

He  recognised  the  extreme  difficulty,  in  certain  thoroughfares, 
of  getting  ways  for  the  laying  of  conduits ;  in  certain  rich  blocks, 
of  getting  a  cellar  for  a  distributing  station ;  and  the  necessity 
for  the  principal  routes  to  run  north  and  south,  not  east  and 
west,  because  the  generating  stations  were  on  the  south  side. 

As  an  example,  he  regarded  Cheapside  as  practically  an 
impassable  street ;  as  it  runs  east  and  west,  <'  as  almost  useless  for 
"  the  purpose  of  a  route."  That  shops  in  it  must  be  approached 
through  side  streets  and  from  the  rear  he  considered  in  reality  as 
no  disadvantage,  **  for  lamps  are  wanted  most,  not  in  mere  frontages, 
"  but  in  back  offices." 

*  A  uaef  al  comparison  maj  be  diawn  between  the  cost  of  these  2,000-Tolt 
mains  and  low-tension  mains  at  200  Tolts  from  the  generating  station  to  the  same 
distributing  centre.  A  loss  of  2  per  cent,  in  the  htgh-pressore  mains,  and  ci  4  per 
cent,  in  transforming — ^total,  G  per  cent. — in  the  former,  may  be  fairly  balanced  by  a 
loss  of  15  per  cent,  in  the  latter.  The  additional  size  of  the  low-tension  plant 
is  coonterbalanced  by  its  lower  price.  The  low-tension  main,  required  to  carry  400 
kilowatts  at  200  volts  pressure  through  1,200  yards  of  distance  with  a  loss  of  15  per 
cent.,  would  be  about  4  S'luare  inches  of  copper  in  each  outer  conductor,  and  2 
square  inches  in  the  middle  wire.  Such  a  line,  using  the  largest  insulated  cables 
made,  and  drawing  them  into  10  d-inch  **  ways  *'  of  casing,  would  cost  more  than 
£15,660,  representing  an  annual  charge  of  X490,  or  5'4  per  cent,  on  each  unit  sold. 
Mr.  Crompton  will,  I  hope,  give  us  the  cost  of  the  same  sections  of  bare  copper 
strip  laid  in  culverts  on  his  system,  if  he  can  keep  his  culvert,  including  thick* 
ness  of  walls  and  Jiow^  within  160  inches  sectional  area,  and  at  the  same  time 
carry  it  along  where  he  has  to  make  a  change  of  direction  every  few  yards. 
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He  thought  that  there  was  the  less  need  in  the  central  areas  to  oenerai 

®  Webber. 

trouble  about  keeping  them  of  equal  size,  since  the  distances  from 
one  sub-station  to  another  were  necessarily  short.  Having 
secured  a  sub-station  in  any  one  spot,  it  was  easy  to  estimate, 
from  the  accommodation  it  affords,  the  extent  of  the  district 
which  it  will  subserve. 

He  told  me  that  the  general  plan  I  had  prepared  of  distribut- 
ing the  alternating  current  at  a  pressure  of  2,000  volts  by  mains 
to  transformer  sub-stations  "  could  not  be  improved  upon,"  and 
agreed  entirely  in  principle  with  the  general  plan  of  distribution  as 
provisionally  set  out  in  the  maps  shown  this  evening ;  and,  further, 
approved  generally  the  size  of  areas  assumed  in  those  maps  to  be 
suitable,  and  that  the  richest  areas  so  mapped  out  are  the  eight 
areas  surrounding  the  Mansion  House  (see  Fig.  20)  marked 
respectively  G\  C*,  C»,  C*,  and  E\  E*,  E»,  E^ 

The  diagram  map  shows  eight  central  districts  in  the  City 
which  were  presumed  to  be  those  richest  and  having  the  largest 
immediate  demand. 

He  agreed  entirely  with  me  in  deprecating  the  provision  of 
mains,  through  long  streets,  as  was  suggested  by  the  design  of 
the  preliminary  work  in  the  pioneer  contracts,  and  saw  the  need 
to  break  up  long  streets  into  sections,  each  such  section  to  be 
supplied  as  part  of  a  compact  surrounding  area. 

The  exact  delimitation,  even,  of  the  individual  areas  he 
considered  a  less  important  matter  than  their  compactness, 
solidity  of  work,  and  efficiency  of  supply. 

At  that  time,  and  with  the  same  gentleman,  the  question  of 
automatic  switching  of  a  bank  of  transformers  was  discussed.  It 
was  a  novel  one  as  regards  experience.  We  regarded  it  as 
essential,  that,  although  at  first  manual  regulation  with  daily 
shifts  of  attendants  could  not  be  avoided,  eventually  it  would 
have,  for  economical  reasons,  to  be  done  automatically.  And  in 
connection  with  this  the  inventions  of  Messrs.  Gordon,  Mordey, 
Tomlinson,  Ferranti,  and  Kapp  were  considered.  Of  these  well- 
known  electrical  engineers  some  are  present,  and  will,  I  hope, 
give  US  the  benefit  of  their  remarks  on  this  very  interesting  and 
important  part  of  the  subject. 
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EXBCUnON  OF  THE  CiTY  STREET   WORK,  GeneraJ 

Webber. 

Although  it  may  not  fall  to  the  lot  of  any  present  to  have  to 
carry  out  a  similar  work  under  the  same  conditions^  it  seems  to 
me  that  a  short  account  of  a  portion  of  what  was  done  in  the  City 
streets  may  prove  instructive  to  engineers. 

Our  papers  are  generally  very  full  of  technical  interest,  but 
few  ever  narrate  the  practical  working  engineer's  experiences. 
This  must  be  my  apology  for  some  diffuseness. 

Enforced  inaction  for  an  engineer  is  always  irksome/especially 
as  he  is  well  able  to  anticipate  the  loss  and  over-work  that  must 
follow  through  dilatoriness  of  those  whose  duty  it  is  to  make  up 
their  minds. 

Such  was  my  position  between  July  and  December,  1891, 
when  valuable  time  was  lost,  and  heavy  and  pressing  work 
requiring  to  be  completed  by  the  end  of  February,  1892,  had  to 
be  suddenly  put  in  hand. 

Fortunately,  I  had  foreseen  the  rush  that  would  come,  and 
had  engaged  and  organised  my  office  and  staff  so  as  to  be  ready 
to  go  to  work  when  required,  and  had  also  called  for  and  received 
tenders  for  the  various  kinds  of  articles  of  plant  and  materials 
(several  of  which  had  to  be  specially  designed)  that  the  work 
would  require. 

The  chief  difficulties  that  had  to  be  fiEu;ed,  besides  those  in- 
separable from  street  work  in  the  City,  were  (1)  the  time  of  year 
(all  the  fine  autmnn  had  been  lost),  with  its  wet,  mud,  and  fogs ; 
(2)  the  difficulty  of  readily  finding  a  sufficient  number  of  suitable 
foremen  to  take  charge  of  such  work;  (3)  the  inconvenience 
caused  to  the  public  by  having  100  yards  of  footway  "up"  in 
nearly  30  different  places  at  one  time. 

My  estimates  of  the  cost  of  the  work  had  been  based  on  the 
assumption  that  it  would  be  carried  out  imder  our  own  staff,  by 
hiring  labour,  and  by  purchasing  tools  and  material,  with  a 
reasonable  rate  of  progress.  There  was  no  doubt  whatever  that 
the  intermediary  of  contractors  would  be  wasteful,  even  although 
it  was  easy  to  find  road  and  paving  contractors  in  every  city 
of  the  kingdom. 

Time  being  precious,  and  the  Commissioners  threatening,  my 
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oenermi  ideal  couM  Only  be  partially  carried  out.  Tenders  bad  tberefore 
to  be  called  for  for  separate  sections  of  the  obligatory  streets ;  but 
here  the  obvious  difficulty  of  price  had  to  be  faced.  No  contractor 
would  quote  to  lay  anjrthing  under  a  City  footway  without  at 
least  100  per  cent,  margin,  unless  he  could  first  take  up  the 
surface.  But  this  first  taking  up  was  not  permissible.  Tenders 
under  such  conditions  were  obviously  objectionable. 

Then,  considering  that  we  wanted  several  contractors  to  go  to 
work  at  once,  besides  our  own  gangs,  it  would  have  sent  the  price 
up  a  hundred-fold  if  their  tenders  were  to  include  the  supply  of 
tubes,  cases,  and  material,  because  they  would  have  been  com- 
peting for  such  unprecedented  quantities  in  the  same  market. 

There  was  only  one  course  to  follow,  namely — 

(1.)  To  purchase  all  the  materials  oiirselves. 

(2.)  To  prepare  a  specification  and  schedule  of  measured  prices 
especially  suitable  and  confined  to  the  kind  of  work. 

(3.)  To  pay  for  the  work  under  measurement. 

As  regards  the  first,  namely,  the  material : 

Wrought-iron  tubes,  although  a  considerable  stock  is  to  be 
found  amongst  makers,  are  not  held  in  quantities  represent- 
ing hundreds  of  miles,  particularly  of  the  quality  of  iron,  and  lap- 
welded,  that  we  wanted.  Our  tests  of  samples  were  necessarily 
hasty,  but  the  steam  hammer,  though  rough,  gave  us  a  pretty 
fair  indication  of  toughness.  (Samples  of  tub^s  that  had  been 
subjected  to  tests  are  on  the  table.) 

The  very  fact  of  so  large  a  quantity  being  wanted,  instead  of 
enhancing  the  price,  enabled  us  to  do  what  is  called  ^^  break  the 
"  ring,"  and  I  believe  it  is  one  of  the  very  few  cases  in  which 
tubes  have  been  sold  some  20  per  cent,  below  "  ring  "  prices.  All 
the  tubes  were  treated  with  Angus  Smith  compound. 

As  regards  the  Callender- Webber  casing,  there  was  only  one 
maker ;  but  here  again  foresight  on  behalf  of  the  City  lighting 
had  a  long  time  previously  provided  for  special  rates  in  favour  of 
that  particular  work.  At  the  same  time,  I  cannot  speak  too 
highly  of  the  great  efibrts  of  Mr.  Tom  Callender  at  that  time  to 
extend  his  company's  means  of  output,  and  that  at  very  short 
notice.     I  remember  that   at  one  time  the  bitumen  we  were 
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bound  to  lay  underground  in  January,  1891,  was  still,  in  CSmst- OM«ni 
mas  week  1890,  on  board  ship  in  the  chops  of  the  Channel. 

As  regards  the  second,  namely,  the  specification  and  schedule 
(of  which  a  copy  may,  if  the  Council  permits,  be  attached),  it  is 
sufficient  to  state  the  former  consisted  of  44  clauses,  and  that  the 
latter  had  56  items,  which  the  tendering  contractors  were  asked 
to  price. 

But  even  with  these  precautions  it  was  felt  that,  in  the  case 
of  the  most  difficult  streets,  no  contractors  could  be  asked  to 
tender  at  all  except  they  were  allowed  to  charge  for  whatever 
they  paid  out,  and  then  with  no  obligation  to  meet  all  the 
liabilities  for  damage  to  person  and  property  in  the  most  crowded 
and  intricate  places  in  the  whole  world. 

To  our  own  engineers  and  men  the  work  in  such  places  as 
Cannon  Street,  Thames  Street,  Cheapside,  Poultry,  St.  PauFs 
Churchyard,  and  aroimd  the  Bank,  &c.,  was  allotted. 

In  the  22  streets  in  the  Eastern  and  Central  districts  which 
remained  to  be  dealt  with  at  the  end  of  December,  the  total 
length  of  trench  to  be  excavated,  and  completed  with  conduits 
and  boxes,  was  nearly  24,000  yards,  of  which  9,700  was  allotted 
to  the  company's  gangs. 

There  was  only  one  month  to  do  it  in  to  carry  out  the 
conditions  of  the  contracts  with  the  Commissioners. 

Three  contractors  at  first — afterwards  a  fourth  was  added 
—competed  successfully.*  The  abstracting  of  all  the  tenders 
showed  a  variation  on  the  average  work  between  £188,  the 
highest,  and  £79,  the  lowest,  per  100  yards  of  work.  The  highest 
tender  accepted  was  at  the  rate  of  £128  per  100  yards.  The 
same  work  in  the  more  diffiqult  ground  done  by  the  company's 
gangs  cost  only  £60,  including  the  cost  of  the  plant  used  by 
them. 

The  average  cost  of  the  materials  was  about  £118  per 
100  yards. 

The  actual  cost  of  the  work  essential  to  be  completed  in 
February  was  about  £59,000.    The  maximnm  rate  of  progress 

^  Nine  finni  tendered. 
VOL.  xxni.  12 
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Qenena       was  attained  at  the  beirfimiiii;  of  March,  1892,  when  1*65  miles  of 

Webber.  O  -©  '  » 

trench  was  completed  in  six  days'  work.^ 

A  glance  at  the  map  (see  Fig.  20)  will  show  that  in  the 
heart  of  the  City  there  are  eight  transformer  areas  designed ; 
and,  naturally,  as  soon  as  the  main  thorongh&res  were  completed, 
to  the  completion  of  conduits  in  the  lesser  thoroughfEures  streets 
and  courts  of  these  areas  was  inmiediate  attention  tumed.f 

It  will  be  readily  understood,  by  a  glance  at  the  plan,  that  the 

*  An  analysis  shows  that  the  4,260  yards  by  one  of  the  contractors,  at  £128  •«• 
£118  B  £246,  cost  £8,069  more  than  it  would  have  cost  if  done  by  the  company's 
gangs;  that  the  4,010  and  5,270  y^rds  of  the  two  others  respectively  cost  £2,560 
and  £1,265,  correspondingly,  more ;  giving  a  total  of  £6,894. 

But  it  may  fairly  be  said  that,  if  the  contractors  had  tendered  to  do  the  work 
when  the  days  were  fine  and  long,  their  prices  would  have  been  5  per' cent,  less— 
say  £728. 

It  may  be  instructive  to  young  engineers  present  to  realise  that,  if  the  adverse 
conditions  I  describe  could  have  been  avoided,  a  saying  of  about  £7,617  on  what 
actually  cost  over  £30,000  would  have  been  effected ;  and  that  is  exclusive  of  the 
advantages  in  the  minor  results  in  the  form  of  better  **  finish  "  when  the  work  is 
done  under  one's  own  foremen. 

If  the  same  work  had  been  carried  out  at  the  rates  of  the  highest  tenders 
accepted,  it  would,  including  material,  have  cost  £72,000,  and  if  entirely  in  the  way 
my  estimates  contemplated,  the  costs  would  have  been,  correspondingly,  £40,000 ; 
but  in  neither  event,  having  been  begun  in  December,  would  it  have  been  all  done, 
as  was  essential,  early  in  February. 

t  The  amount  that  had  to  be  paid  for  the  work  done  in  the  streets  by  the 
pioneer  contractors  (already  referred  to)  was  £22,850,  which,  added  to  the  pre- 
viously stated  amount,  came  to  a  total  for  the  main  thoron^ifares  of  the  Eastern 
and  Central  districts  of  £81,850.  In  the  whole  City  there  are  92  J  miles  of  frontage, 
and  in  the  eight  special  areas  there  are  22,000  yards.  If  the  average  demand  for 
lamps  is  2*1  per  yard,  we  get  46,200,  or  about  6,000  per  snb-statbn  lurea ;  but,  being 
the^richest  areas,  three  lamps  per  yard,  or  8,500  per  acre,  was  estimated.  By 
March,  1892,  the  cost  of  the  work  (not  done  by  contract)  could  be  pretty  closely 
detailed,  and  the  cost  of  the  conduits  in  portions  came  to  a  little  over  £17,000; 
giving  a  total  for  the  completeil  street  work  in  the  main  thoianghlsres  and  eight 
sub-districts  of  the  Eastern  and  Central  districts,  exclusive  of  conductors  (except  a 
small  quantity  of  cable  provided  under  the  pioneer  contracts,  which  is  included), 
of  £98,850.  Of  this,  the  length  of  trench  completed  by  July,  1892,  was  48,000 
yardfl.  I  have  little  doubt  we  shall  be  told  that  most  of  the  lighting  in  those 
areas  is  with  1(^C.P.  lamps.  In  this  respect,  I  think  it  is  evidently  the  wrong 
initiative  policy  to  try  to  make  up  a  big  load  before  you  are  ready,  in  order  to 
make  a  fair  show,  instead  of  keeping  it  down  when  first  starting  by  encouraging 
in  eveiy  possible  way  an  economy  of  li^t  by  the  use  of  8-C.P.  lamps.  It  is 
well  known  that  I  have  been  from  the  first  an  advocate  of  this  policy,  and  I 
now  attribute  our  measure  of  steady  progress  without  a  breakdown,  and  of  per- 
manent success  at  Chelsea  as  being  largely  due  to  it 
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stxeets  bounding  the  areas  having  been  completed  with  all  the  oeneni 
**  ways  ^  actuallj  necessary,  and  that  could  be  put  in,  the  internal 
cross  streets  could  be  provided  with  all  that  the  future  load  could 
possibly  demand  for  feeders  of  any  size. 

A  more  precise  idea  of  the  cost  of  this  kind  of  work  laid  in 
streets  presenting  exceptional  difficulty  is  given  below. 

In  an  example  of  the  streets  in  question  only  eight  "  ways  ** 
could  be  introduced  imder  the  footways  on  each  side,  viz. — 

Ways. 

In  Callender-Webber  casing 3 

In  l^inch  tubes         4 

In  2i-inch     „  1 

Total        8 

The  length  of  th.e  two  sides,  taken  together,  inclusive  of  the 
lengths  occupied  by  boxes,  is  1,328  yards. 

The  cost  of  taking  up  the  surfEU^e  and  tem- 
porarily relajring  it,  at  3s.  9d.  per  yard 
lineal,  was         £250 

Lajring  conduits  and  pipes,  at  Is.  3^.      ...         85 

Cost  of        „  „      at  8s.  6d.         •••        718 

Superintendence,     storekeeping,     cartage, 

sundries 78 

Small  stores  and  blacksmith's  work  ...         27 

Wear  and  tear  of  plant,  and  contingencies  116 

Cost  of  draw-boxes  and  service-boxes  where 

actually  required  99 

Approximate  cost  of  restoring  the  sudSeu^e, 
performed  by  the  Commissioners'  con- 
tractors, and  on  their  schedule  ..        554 


Total        ...  ...   £1,927 

Or  £1  9s.  per  yard  lineal  of  trench,  exclusive  of  cables. 
The  equipment  of  this  line  with  cables  of  the  following 
sections,  namely : 

2  of  0*3  square  inch  section  of  copper  ...  'i    for  low 
1  of  0*15  „  „  ,».../  pressure, 

4of7/16's  ^  for  high 

1  of  0*158  square  inch  (concentric)      ,,,  J  pressure, 
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ckHieni       costs,  in  addition,  £2,037;  giving  a  total  cost  per  yard  lineal, 
inclusive  of  cables,  of  very  nearly  £3. 

Including  casing  used  for  house  services,  the  total  length  of 
ways  in  bitumen  concrete  casing  laid  in  the  streets  and  areas 
named  up  to  July,  1892,  was — 

In  casing  unsheathed  with  iron  ...        4,356  yards 
„        sheathed  in  iron  ...     148,068      „ 

Total 152,424      „ 

Or  over  80  miles. 

The  internal  diameter  of  these  varied  between  I  inch  and 
2|  inches. 

The  largest  proportion  of  these  were  of  the  triangular  form 
(exhibited  this  evening). 

The  total  of  l|-inch  wrought-iron  tubes  laid  was  173,000 
yards,  or  98  miles ;  of  2i-inch  wrought-iron  tubes,  164,000  yards,, 
or  93  miles.  Total  of  ways  of  all  sorts  laid  in  the  City  between 
December,  1891,  and  July,  1892,  271  miles. 

Of  the  Baworth-Callender-Webber  conduit  (Fig.  21),  of  which 
a  sample  is  also  exhibited,  212  yards,  containing  four  ways,  were 
laid  in  Queen  Street.  This  was  an  experiment,  and  is  an  example 
of  paper-lined  ways  bedded  in  bitumen  and  lying  in  cast-iron 
troughs,  with  separate  cast-iron  joint-pieces,  and  cast-iron  covers- 
bolted  down.* 

The  durability  of  the  paper  has  yet  to  be  tested,  but  of  thia 
I  have  little  doubt,  if  it  is  thoroughly  impermeated  ;  the  only 
drawback  is  that  they  cannot  be  easily  bent  during  laying,  and 
that,  as  laid  in  the  City,  the  cast-iron  cover  has  to  be  cut  through 
with  a  cold  chisel  to  make  a  house  service  connection. 

The  sheathing  of  the   Callender-Webber  cases  was  mostly 

•  Thifl  latter  aystem,  caUed  the  **  CftUender-Baworth-Webber/*  in  which  I  am 
joined  with  those  gentlemen  by  an  act  of  coorteeyon  their  part,  is  chiefly  attractive 
to  me  through  the  possibilities  it  offered  for  the  nse  of  bare  stranded  copper.  SiDC& 
then  I  have  brought  ont,  in  conjunction  with  those  gentlemen,  a  further  derelop- 
meut,  being  a  combination  of  the  two  systems  above  mentioned,  called  the  **  Webber- 
*^  Callender-Raworth  "  conduit,  which  I  hope  may  be  a  step  in  advance  in  that 
much-to-be -desired  direction.  Of  all  the  systems  I  am  able  to  show  examples  to- 
night, it  is  by  the  kindness  of  the  Callender  Company. 
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made  of  No.  22  gauge  sheet  mild  steel,  which  covered  the  three  ocneimi 
sides  of  a  triangular  and  the  four  sides  of  a  rectangular  case,  then 


paper  tube. 


ccut  troh  trough     \ 

wooaerv  on  ape 


Fio.  21. — Callender-Raworth- Webber  Ck>ndnit. 
secured  by  studs  or  cut^-in  pieces,  or  l^inch  hoop  iron  riveted, 
and  the  whole  painted  over  with  a  bitumen  solution.     Sheathing 
for  these  cases  was  first  used  in  the  City  work. 

As  is  well  known,  the  cost  of  the  casing  when  it  is  triangular 
in  section  and  has  three  ways  of  1^  inch  diameter  each  is,  with- 
out sheathing.  Is.  lid.  a  yard,  which  is  7fd.  for  each  way;  the 
same  sheathed  costs  28.  lOd.,  or  11^.  per  yard 

Nearly  all  the  l^inch  wrought-iron  tubing  laid  (generally 
four  tubes  under  each  footway  throughout)*  cost  9  id.  a  yard, 

*  Two  lf>inch  tmbes  are  destined  for  the  public,  and  two  for  private  arc 
lighting  teries  cables. 
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ckneni  whlch  was  an  exceptionally  low  price  for  the  reason  I  have  already 
given ;  this  is,  against  the  first  cost  per  yard  of  ways  of  the  former 
material,  less  by  l|d.  per  yard.  The  i^vantages  of  the  bitumen 
case,  I  think,  more  than  counterbalance  this :  (I)  durability ;  (2) 
there  is  less  labour  in  making  two  bitumen  joints  than  three 
screw  joints  (the  former  are  6  feet  apart,  the  latter  12) ;  (3)  the 
bitumen  is  more  easily  cut  to  lengths  and  bent  than  the  wrought 
iron ;  (4)  there  is  no  risk  of  rust  sealing  in  the  cables  after  they 
are  in  the  bitumen  ways,  as  often  occurs  with  iron  ways. 

When  you  come  to  compare  the  2^inch  ways  in  bitumen  and 
wrought  iron,  the  costs  are  as  follows : — In  the  former  each  way  in 
a  slieathed  case  costs — 

Per  Yard. 
8.      d. 
With  triangular  section,  three-way   ...       1     9 J 
With  rectangular  section,       „  ...       2     1 

This  at  once  compares  favourably  even  with  the  exceptional 
low  cost  of  our  2i-inch  wrought-iron  tubing  used  in  the  City,  which 
was  2s.  6^d.  And  when  there  are  six  2|i-inch  ways  in  a  case  the 
cost  per  way  comes  out  Is.  5d.  per  yard,  and  a  large  economy  is 
at  once  evidenced  (increased  if  the  cost  of  sheathing  is  avoided). 
But  it  must  at  the  same  time  be  noted  that  where  we  laid  18 
(and  more)2i-inch  tubes  in  the  same  trench  with  other  conduits — 
for  instance,  throughout  Thames  Street — we  might  not  have 
found  room  for  three  more  six-way  cases,  which  in  cross  section 
occupy  more  space  than  18  2i-inch  tubes. 

I  have  not  referred  to  the  Western  district,  the  contract  for 
the  public  lighting  of  which  did  not  require  completion  before  the 
5th  November,  1892 ;  but  it  may  be  stated  that  this  work  alone 
required  11,614  yards  of  trench,  which,  at  an  average  cost  of 
£1  12s.  Id.  a  yard,  would  cost  £18,630,  exclusive  of  spare  tubes 
for  other  purposes. 

Conductors. 

As  has  been  stated,  the  primary  alternating-current  conductors 
were  concentric  0*154  inch,  with  high-class  insulation;  the  high- 
tension  continuous-current  conductors  were  7/16*8  concentric, 
except  where   the  lamps    are  connected,  also  with   high-class 
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insulation ;  and  the  secondary  conductors  on  the  three-wire  system  oen«ni 
of  various  sizes,  has  Callender  extra  standard  type  insulation. 

The  two  first  were  drawn  into  2|-inch  and  l}-inch  wrought-iron 
tubes  respectively. 

Tte  last  was  drawn  into  the  three-way  Callender-Webber 
casing,  manu&ctured  of  three  sizes  ^namely,  with  l^inch,  2-inch, 
and  2f -inch  ways ;  in  each  of  those  the  third  way  is  smaller  than 
the  other  two.    (See  the  samples  on  the  table.) 

The  largest  were  for  feeders  where  necessary,  and  the  two 
smaller  for  distributors. 

In  the  eight  sub-district  areas  shown  on  the  map  (Fig. 
20)  it  is  seen  that  no  consumer's  terminals  would  be  more  than 
100  yards,  measured  along  the  main,  from  a  transformer  station; 
consequently,  allowing  the  Board  of  Trade  drop  of  4  per  cent, 
above  and  below  the  normal,  the  section  of  cables  first  drawn  in, 
the  maximum  areas  of  the  three  conductors,  taken  together,  was 
five-sixths  of  an  inch ;  and  very  few  feeders  except  quite  short 
lengths  were  necessary. 

It  was  considered  that  for  a  considerable  time  to  come  this 
would  comply  with  a  demand  of  at  least  three  lamps  per  yard 
of  frontage,  the  frequency  of  transforming  stations  being  main- 
tained. The  impedance  due  to  retardation  was  therefore 
negligible  with  those  sizes. 

The  cable  specifications  giving  the  special  conditions  under 
which  the  manufiusturers  had  to  tender  (of  which  a  copy  will  be 
attached  to  this  paper)  had  some  special  features,  namely— 

The  same  results  of  insulation  as  were  prescribed  for  the  tests 
at  the  maker's  works  were  required  after  each  length  of  cable  had 
been  drawn  in,  in  the  presence  of  the  maker  if  he  wished  it,  and 
before  joints  were  made  in  it. 

The  maintenance  of  the  insulation,  except  at  joints,  was 
guaranteed  by  the  maker  during  t;Jiree  years  irom  the  date  of  it 
being  drawn  in,  and  if  within  that  time  the  dielectric  had 
deteriorated  the  maker  was  to  replace  the  cable. 

With  a  view  to  the  company  having  the  advantage  of  the 
market  rate  of  the  price  of  copper  at  the  date  of  the  quotation, 
the  contractor  was  required  to  state  the  number  of  tons  of  copper, 
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oenerai       made  up  in  insulated  cable,  for  which  he  would  receive  orders  at 

Webber.  ,  ,      . 

that  rate  during  one  year. 

As  it  became  soon  apparent  that  in  each  of  the  eight  sub- 
districts  above  referred  to  separate  transforming  stations  might 
not  be  obtainable,,  the  question  of  a  distance  between  them 
probably  greater  than  had  been  calculated,  required  considerar 
tion,  and  the  consequent  enlargement  of  the  sectional  area  of  the 
copper  in  the  conductors. 

The  first  point  that  had  to  be  considered  was  as  to  the  saving 
that  could  be  eflfected  by  the  use  of  hollow-cored  cable.  With 
alternating  currents  having  a  frequency  of  100  there  is  an 
inequality  of  distribution  of  the  current  over  the  cross  section  of 
the  cable,  and  for  practical  purposes  the  penetration  may  be 
regarded  as  not  exceeding  ^  inch  from  the  outside  of  a  cable  of 
stranded  copper,  and  therefore,  if  above  ^  inch  diameter,  the  copper 
in  the  centre  of  the  strand  is  not  useful. 

These  conditions  led  to  the  adoption  of  the  Callender  hollow 
cables  for  sizes  varying  between  0*4  and  0*7  of  an  inch  sectional 
area  as  the  simplest  and  cheapest  form. 

For  instance,  such  a  cable  having  half  a  square  inch  section 
of  copper  was  made  up  of  38  No.  lO's,  or  30  No.  9*8,  in  two  layers 
round  a  hempen  core,  when  the  outer  diameter  of  the  copper  is 
1'05  inch. 

For  anything  over  f  square  inch  section  of  copper  it  was 
apparent  that  some  form  of  multiple  strand  would  have  to  be 
adopted ;  but  for  the  supply  then  contemplated  (even  with  only 
600  amperes  per  square  inch  density)  the  maximum  of  0*7  of  a 
square  inch  was  sufficient  to  provide. 

As  regards  joints  and  jointing — ^that  very  important  matter  both 
in  first  cost  and  maintenance^!  had  examined  every  form  that  in 
1891  had  been  before  the  electrical  engineering  world,  and  at  that 
time  had  no  reason  to  alter  the  opinion  formed  from  long  experi- 
ence, that  only  when  forced  to  adopt  anything  else  by  the  con- 
struction or  dielectric  of  the  cable,  could  I  recommend  auy thing 
more  simple  practiclil  or  durable  than  the  joint  made  of  the  same 
material  and  of  the  same  form  of  covering  as  the  cable  itself;  and 
this  is  applicable  to  both  straight  and  T  loints. 
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As*  regards  the  experience  gained  by  the  company  in  theoenerai 
matter  of  their  mains  since  July,  1892, 1  shall  hope  the  Institu- 
tion may  have  very  instructive  information  from  the  engineers 
who  carried  on  the  work  after  I  retired  from  it.  The  best  qualified 
is  Mr.  G.  H.  Nisbett,  who  since  the  autumn  of  1890  had  been 
my  right  hand  in  all  matters  connected  with  electrical  distri- 
bution, and  whose  intimate  knowledge  of  every  part  of  the 
City  work  made  it  absolutely  essential  that  he  should  pass  from 
my  service  to  that  of  the  company  when  I  left  it.* 


5c^^,i- 


Fio.  22.— Street  Lantern. 


*  I  cannot  refrain  from  also  mentioning  here  two  indefatigable  assistant 
engineers  on  the  same  duty— namely,  Mr.  Buck  (late  R.E.)  and  Mr.  Bates. 
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PuBUc  Lighting — ^Lamps. 

The  lamp-posts  and  lanterns  first  erected  in  1891  by  the 
contractors,  to  the  number  of  72,  in  some  of  the  main  thorough- 
&res,  under  the  pioneer  contracts,  did  not  meet  with  the  approval 
of  the  Commissioners,  and  had  all  in  time  to  be  replaced. 

The  only  portion  which  was  allowed  to  remain  was  the  lan- 
tern which  had  been  designed  by  the  Brush  Company,  and  which 
I  have  illustrated,  and  called  the  **  Baworth  "  lantern.  My  own 
views  had  advocated  a  different  shape,  having  a  wide  pagoda 
roof,  and  sides  at  smaller  angle  to  the  horizontal. 

In  the  case  of  the  Baworth  lantern,  which  is  in  use  throughout 
the  City,  the  dimensions  were  found  to  accommodate  the  Thom- 
son-Houston arc  lamp  as  well  as  that  of  the  Brush ;  the  interior  is 
easily  accessible ;  and  the  lamp,  instead  of  being  suspended,  stands 
on  a  porcelain  insulator.  The  other  details  are  shown  on  the 
drawing,  and  a  sample  is  exhibited. 

As  regards  glass.  Colonel  Haywood  was  very  particular  in 
selecting  one  that  was  least  absorbent  of  light,  while  being 
sufficiently  diffusive  of  the  arc. 

The  first  sample,  put  in  by  the  Brush  Company,  which  gave 
the  effect  of  there  being  four  small  blurs  of  light  inside,  waa 
rejected  as  being  too  absorbing,  and  perhaps  requiring  too  much 
labour  in  cleaning. 

Three  samples  of  glass  were  submitted  to  the  engineer  (see 
those  in  the  lantern  exhibited),  and  tested*  by  him  in  three  street 
lanterns  in  use.    They  were  respectively — 

Thickness.  Per  Cent.  Loss 

Inch.  bj  Absorption. 

Ground  glass 0-058         ...         46-24 

Opal 0-072         ...         25-18 

Rippled  0-145         ...         21-73 

The  last  was  approved,  and  is  now  in  use,  and  is  the  cheapest. 

The  lamp*posts,  as  finally  designed  and  approved  by  Colonel 

Haywood,  are  in  two  pieces,  the  base  having  two  forms;  the 

smaller  base,  which  is  round,  is  fixed  in  the  narrower  footways. 

As    regards    the    shaft,    one  matter  which  required  careful 


*  These  tests  were,  I  understand,  made  bj  Mr.  Preece. 
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consideration  was  the  means  of  assisting  the  lamp-trimmer  tooeneni 
ascend  and  descend. 

In  any  case,  fixed  projections  below  the  lantern  upon  which 


SMALL  BABK. 


LAROK  BASK. 


Fio.  23. — Lamp-Posts. 


the  man  can  stand  at  his  work  are  necessary.  These  are  the  arms 
shown  in  the  elevation.  Fixed  projections,  or  means  of  attaching 
them,  were  not  admissible  on  the  ornamental  base;  but  some- 
thing had  to  be  done  to  assist  the  man  to  mount  the  shaft,  so  as 
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to  save  the  carrying  and  use  of  a  long  ladder  in  the  streets. 
The  permanent  attachment  of  steps,  for  obvious  reasons,  the  Com- 
missioners would  not  allow. 

Three  methods  were  proposed,  namely — 

(1.)  By  the  Brush  Company,  in  which  short  pieces  of  rod  iron, 
with  a  round  head  at  each  end,  were  passed  into  holes  in  the 
hollow  shaft  at  intervals  on  alternate  sides.  These  rods  lay  con- 
cealed all  except  the*  heads  when  not  wanted ;  when  in  use,  they 
were  pulled  out  as  far  as  the  head  on  the  rod  within  the  shaft 
would  allow. 


Fig.  24. — Side  View,  Lantern  and  Bracket. 


(2.)  By  Colonel  Haywood,  which  consisted  in  a  structure  like 
a  parallel  ruler,  concealed  in  and  bedded  in  each  side  of  the  shaft. 
When  shut  up,  no  evidence  of  its  existence  could  be  seen ;  when 
opened,  the  whole  has  the  appearance  of  a  ladder  with  a  centre 
stave,  and,  but  for  complication  and  costliness,  it  might  have 
been  a  very  excellent  design. 
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(3.)  The  plan  which  suggested  itself  to  me  was  very  simple,  oenewi 
and  has  been  adopted.  It  consists  in  using  alternate  side  holes 
in  the  shaft,  which  are  not  conspicuous,  and  in  having  six  or 
eight  portable  steps  of  light  steel,  which  can  be  securely  hooked 
into  the  holes  as  he  ascends,  and  taken  out  by  the  trimmer  as 
he  comes  down  the  post. 

Where  the  footways  are  very  narrow,  and  posts 
are  inadmissible,  it  became  necessary  to  use  wall 
brackets;  of  one  of  these,  illustrations  (Figs.  24  and 
25)  in  two  aspects  are  given.  The  suspended  lan- 
tern is  the  same  in  design  as  that  on  the  posts, 
with  some  small  differences  in  detail.  It  took  a 
considerable  time  for  the  Commissioners  to  obtain 
the  way-leaves  for  such  heavy  attachments  to 
private  buildings.  The  suspension  gear  was 
specially  designed  to  allow  the  lamps  to  be 
independently  and  rigidly  suspended  inside  the 
lantern,  while  the  lantern  itself  is  free  to  swing 
slightly  and  swivel  round. 

In  both  cases — namely,  in  the  base  of  the 
lamp-posts,  and  in  a  box  fixed  to  the  wall  under 
the  bracket — an  absolute  cut-out  switch  on  an 
incombustible  insulating  base,  approved  by  the 
Board  of  Trade,  is  provided.  Each  contractor  has 
his  own  form. 

In  connection  with  fixing  the  posts  more  diffi- 
culty than  might  be  expected  was  found.  The  base 

plates  (Fig.  26)  below  the  ffround  could  not  be  Fio.  26.— Lantern 
f  .-  ...  X.  .and   Bracket,  Der- 

by any  means  uniform  m  pattern.    It  was  im-  spectiye,  and  Pipe 

possible  to  tell  before  the  ground  was  opened        ^^der,  &c. 


whether  the  posts  could  be  solidly  supported  by  a  deeply  set 
base,  or  by  one  that  spread  out  under  the  ground.*  Several 
forms  of  modification  of  these  conditions  had  to  be  provided 


*  In  erecting  the  poets  extra  expense  was  incurred  through  having  to  open 
the  ground  a  second  time  after  the  trench  for  the  mains  had  heen  made.  The 
Commissioners  were  responsible  for  this,  owing  to  delays  in  approving  of  the 
patterns,  and  in  finallj  deciding  on  the  actual  points  to  place  each  post. 
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webb3!i      ^^''    ^  ®^°*®  ^^^^  heavy  masonry  and  concrete  had  to  be  cut 
through  and  replaced. 


S£CT/0/^ 

Fio.  26. — IJndergroand  Base  of  Lamp-Post 

Of  the  371  arc  lamps  contracted  for  in  the  Eastern  and  Cential 
districts,  in  March,  1892,  the  positions  of  340  only  had  been 
decided  on.    Of  the  340  points  37  were  brackets.* 

The  contracts  with  the  Commissioners  provide  for  the  substitu- 
tion at  906  points  of  glow  lamps  of  not  less  than  200  wattsf  for 
gas  lights  throughout  the  City  where  arc  lights  have  not  been 
put  up.}  The  contracts  with  the  two  manu£acturing  companies 
specify  that  they  are  to  supply  and  erect  100-  and  200-watt 
series  glow  lamps ;  all  arrangements  in  connec^on  with  the  first 
installation  to  be  experimental. 


*  The  weights  and  costs  of  these  posts  above  the  ground,  and  of  the  brackets 

and  lanterns  are  as  follows : —  £   b,    d. 

A  large  base  weighs  9  cwts.  2  qrsL,  and  costs  ...        6    0    0 

A  small  base  weighs  6  cwts.  8  qrs.,  and  costs  ...        4  10    0 

Each  shaft  and  lantern  gallery  weighs  8  cwta  1  qr., 

and  costs  1  18    0 

Each  lantern  weighs  8  qr&,  and  costs 7    0    0 

Each  bracket  weighs  about  1  cwt^  and  costs 2    2    0 

t  The  prices  to  be  paid  bj  the  City  for  glow  lamp  Ughting  is  (sunset  to 

sunrise)— 

For  a  lamp  of  200  watts  ...        ...       XIO  per  annum. 

„         }»     100    „      5       „ 

}  It  may  here  be  stated  that  as  early  as  1888  every  point  in  the  City  where 

arc  or  glow  lamps  would  be  likely  to  be  required  had  been  surveyed  and  plotted, 

under  my  superintendence.    The  deviation  from  that  design  has  been  very  small 
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The  canying  out  of  these  arrangements  are  still  in  thetienenJ 
experimental  stage.  The  Commissioners  had  the  power  to 
compel  the  company  to  complete  them  in  the  Eastern  and 
Central  districts  by  May  last ;  but,  in  withholding  their 
engineer's  order  to  have  this  done,  they  have,  I  think,  acted 
wisely  in  the  interests  of  public  lighting  by  glow  lamps. 

At  the  beginning  of  this  paper  I  stated  that  the  experiment 
on  the  Holbom  Viaduct  in  1882  had  brought  discredit  on  this 
means  of  public  street  lighting. 

The  experiment  now  going  on  by  the  City  company  in 
Basinghall  Street  is,  I  think,  only  calculated  to  produce  the 
same  result;  but  it  is  to  be  hoped  the  Commissioners  will  be 
as  well  advised  in  this  matter  as  in  the  past. 


Fio.  27.-^Wall  Bracket,  Glow  Lamp  Lantern. 


The  principles  detailed  by  Mr.  Trotter  in  his  admirable  paper 
before  the  Institute  of  Civil  Engineers  on  public  lighting  by 
electricity  are  equally  applicable  in  the  case  of  glow  lamps  as  in 
that  of  arcs.     His  dioptric  lantern,  which  we  have  known  ever 
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General       Ruice  the  dajs  of  the  Inventions  Exhibition,  is  the  mathematical 
example  of  that  for  which  he  contends. 

It  is  many  years  since,  at  the  Society  of  Arts,  in  a  paper 
on  glow  lamps,  I  demonstrated  that  the  exposure  of  the  filament 
to  the  eye,  or  the  eye  to  the  filament,  is  an  abomination. 

I  do  not  attempt  to  supplant  Mr.  Trotter's  originality  by 
showing  a  sketch  (Fig.  27)  of  a  street  lantern  with  a  hood,  and 
inverted  truncated  glass  cone  underneath,  the  glass  being  cut 
up  throughout  a  zone  of  its  surface  into  diamond-pattern  facets. 
There  is  nothing  geometrical  in  their  form  (though  there  might 
be).  They  are  only  intended  to  intercept  the  direct  view  of  the 
filament,  within  an  area  of  space  outside  the  lantern,  and  diffuse 
the  rays  of  light  from  it.  The  simplicity  of  the  design  as  regards 
convenience,  &c.,will,I  hope,  commend  itself  to  the  Commissioners; 
and  I  believe  that,  if  posts  in  the  small  thoroughfetres  and  courts 
were  made  entirely  to  disappear,  and  light  ornamental  brackets, 
with  lanterns  such  as  I  have  illustrated,  were  used,  the  City  would 
in  this  respect  have  also  taken  the  lead,  and  have  set  a  good 
example  to  all  other  municipal  bodies. 

This  paper,  as  its  title  shows,  only  deals  with  a  portion  of  the 
great  work  of  lighting  the  City  of  London.  Necessarily,  my 
duties  as  engineer  up  to  July,  1892,  required  my  superintendence 
of  the  starting  of  many  works  at  present  &r  from  completion ; 
and  while  in  every  case  I  have  been  carefrd  to  avoid  enlarging  on 
matters  which  could  be  better  described  by  the  engineers  more 
directly  responsible,  obviously  there  are  also  several  matters  which 
might  be  regarded  as  more  or  less  confidential.  These  I  haVe 
avoided,  and  in  selecting  illustrations  from  figures  have  confined 
myself  to  those  previously  accessible  to  the  profession. 

In  concluding,  I  hope  I  may  be  allowed  to  state  that  never 
was  an  engineer  better  served  than  I  was  by  my  staff,  and  that 
each  and  all  fully  justified  their  selection,  equally  those  who  were 
new  to  me  and  those  who  were  old  friends.  It  is  no  flattery  to 
them  to  believe  that  my  severance  from  the  position  of  being 
their  chief  has  in  no  way  lessened  the  value  of  the  services 
which  they  have  since  rendered  to  the  shareholders  of  the  City  of 
London  Electric  Light  Company. 
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The  President:  Your  applause  shows  that  you  have  very 
much  appreciated  the  facts  which  General  Webber  has  brought 
to  our  notice.  I  do  not  wish  to  detain  you  with  long  remarks, 
but  I  will  at  once  caU  upon  those  of  you  who  wish  to  discuss 
the  paper. 

Mr.  D.  R.  Dale  :  I  should  like  to  ask  a  question.      I  do  not  Mr.  Dale. 
profess  to  be  an  electrical  engineer,  but  I  should  like  to  ask 
whether  the  electrical  conduits  ought  to  include  telephoning. 
The  President  :  Which  telephoning  ? 

Mr.  D.  R.  Dale  :  There  are  a  certain  number  of  conduits  laid 
down  through  the  streets  of  the  City  of  London.  I  am  led  to 
believe  that  they  are  not  entirely  used  for  the  purposes  of 
electricity;  some  of  those  tubes  are  for  telephonic  purposes. 
Does  the  cost  stated  include  those  ?  Will  General  Webber  kindly 
state  the  cost  of  the  electrical  conduits,  and  the  cost  of  tubes  for 
telephonic  purposes  ? 

Air.  Howard  Tasker  :  I  think  we  are  all  very  much  indebted  Mr.  Taaker. 
to  General  Webber  for  bringing  forward  so  many  points  of  interest 
in  this  paper.  I  feel  that  he  is  capable  of  bringing  those  points 
together  from  a  new  point  of  view,  owing  to  the  fact  that  he  has 
dealt  with  large  undertakings  of  both  alternating-  and  direct-current 
systems  of  supply,  and  can  approach  the  matter  on  broader 
grounds  than  is  usual  from  the  advocates  of  either  the  one  system 
or  the  other.  General  Webber  has  had  the  advantage  of 
pioneering,  and  of  being  intimately  associated  with,  a  company 
which  is  in  successful  operation  in  Chelsea  using  direct  currents, 
and  on  former  occasions  has  given  papers  descriptive  of  the 
system  employed  by  the  Chelsea  Electricity  Supply  Company,  and, 
in  consequence,  is  able  to  appreciate  the  merits  of  each  system.  I 
thiBrefore  think  that  the  points  that  he  brings  to  our  notice  are 
necessarily  of  much  importance.  I  wish  particularly  to  con- 
gratulate General  Webber  upon  the  marvellous  rapidity  with 
which  he  was  enabled  to  carry  out  the  work,  and  upon  the 
immense  quantity  of  work  done  in  so  short  a  time.  He  was,  we 
all  know,  much  delayed  in  getting  to  work  at  the  outset,  but 
when  the  ^'  first  sod  was  cut "  he  laid  the  mains  at  an  enorpious 
rate  of  progress.  I  think  all  who  have  had  anything  to  do  with 
VOL.  XXIII.  13 
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Mr.  Tasker.  the  laying  of  electric  light  mains  appreciate  the  great  difficulties 
which  he  encountered  by  the  condition  of  things  below  the 
surfiatce  of  the  City  streets.  Probably  many  here  to-night  have 
seen  the  hopeless  entanglement  of  pipes,  &c.,  below  the  sar&ce  of 
the  streets  in  the  Strand ;  but,  although  the  obstacles  met  with 
there  were  bad  enough,  it  seems  to  me,  from  what  one  hears  and 
from  what  one  saw  at  the  time,  that  the  difficulties  in  the  City 
were  more  than  trebled. 
Mr.  Knpp.  Mr.  G.  Kapp  :  I  rise  to  ask  a  few  questions.     The  author 

has  given  a  large  amount  of  information  as  to  the  way  he  has 
designed  the  distributing  plant.  This  is  interesting ;  but  it 
would  be  of  great  practical  importance  to  learn  something  about 
its  working.  For  instance,  one  of  the  illustrations  shows  the 
transformers  arranged  in  a  sort  of  two-storied  building  sunk  into 
the  ground,  and  the  transformers  are  at  the  lowest  part.  I 
should  like  to  ask  what  will  happen  in  case  water  gets  in.  I  see 
the  switch-boards  are  kept  high  up,  which  is  the  right  thing  to 
do ;  but  the  transformers  are  low  down,  and  it  is  doubtful  whether 
you  can  rely  absolutely  on  the  tightness  of  the  casing.  The  most 
important  section  of  the  paper  is  perhaps  that  which  deals  with 
the  mains.  A  great  variety  of  systems  were  used,  but  I  miss 
one,  namely,  that  of  iron-armoured  cables,  which  seems  the 
most  practicable  system  in  difficult  ground.  The  sheathing 
effect  of  the  thin  steel  plates  seems  to  have  been  very  slight, 
and  that  is  what  one  would  expect.  It  is  extremely  difficult  to 
screen  magnetic  action  by  soft  iron  or  mild  steel,  and  especially  if 
the  steel  is  so  thin  as  22  gauge.  The  steel  is  likely  to  be  soon 
eaten  away,  and  then  whatever  small  screening  effect  there  was  to 
begin  with  would  be  lost.  The  author's  method  of  arranging  the 
low-pressure  network  differs  from  that  adopted  elsewhere  by  the 
fact  that  each  sub-station  supplies  a  small  network;  but  the 
extremities  of  that  network  are  not  connected  with  the  extremi- 
ties of  the  contiguous  network.  I  should  like  to  know  what  was 
the  reason  for  avoiding  an  inter-connected  network  all  over  the 
Oity.  The  third  point  on  which  I  should  like  to  say  a  few  words 
is  the  question  of  glow  lighting  in  the  streets.  General  Webber, 
towards  the  end  of  his  paper,  casts  a  doubt  upon  the  practicability 
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of  lighting  a  street  by  glow  lamps ;  but  it  seems  to  me  that  glow  Mr.  Kapp 
lamps  are  the  right  kind  of  lamps  for  small  streets.  An  arc  lamp 
like  the  one  exhibited  costs  at  least  £25  per  annum  to  keep  up ; 
and  to  light  a  mile  of  streets  with  such  lamps  costs  somewhere 
between  £800  and  £1,000  per  year.  Such  an  expense  is  only 
justified  in  lighting  the  most  important  streets  of  a  towa — that 
is,  in  parts  of  a  town  where  the  traffic  is  very  heavy.  In  all 
other  parts  of  a  town  the  expense  of  arc  lighting  is  out  of  all 
proportion  to  the  actual  requirements  for  light,  and  it  would  be 
sheer  waste  to  give  so  much  illumination.  What  we  want  is  a 
moderate  illumination.  It  need  not  be  very  strong,  but  it 
ought  to  be  generally  distributed  in  the  streets,  and  for  this 
purpose  the  glow  lamp  is,  after  all,  the  right  lamp.  It  makes  no 
•dazzling  show  like  the  arc,  but  it  is  also  vastly  cheaper. 

Mr.  W.  B.  EssoN :  The  paper  before  us  is  more  statistical  Mr.  Eason. 
than  technical ;  but  I  should  like,  with  Mr.  Kapp,  to  learn  some- 
thing about  the  endurance  of  the  various  makes  of  cable  tried, 
and  to  hear  more  about  the  working  of  the  system  of  distribution 
generally.  Besides  the  Callender  cable,  other  kinds  have  been 
used,  and  we  want  to  hear  something  about  them.  As  regards 
the  working  of  the  subnBtations,  and  the  methods  of  regulation, 
we  should  also  like  to  have  some  particulars  on  these  points  from 
the  engineers  who  have  been  associated  with  the  scheme. 
Although  there  are  a  large  number  of  valuable  statistics  in  the 
paper,  there  is  not  much  information  respecting  the  actual 
working  of  the  system. 

The  President  :  Is  not  the  paper  a  paper  on  the  construction 
rather  ?  I  mean  it  is  quite  natural  that  he  should  not  say  any- 
thing about  the  working. 

Mr.  EssoN  :  Perhaps  so ;  but  the  working  is  what  we  want  to 
know  about  chiefly. 

The  President  :  Gentlemen, — ^There  are  a  good  many  points  in  xh* 
this  paper  which  should  give  rise  to  comments  at  your  hands, 
and  I  will  shortly  call  your  attention  to  them.  In  the  specifica- 
tion, to  begin  with,  are  some  statements  which  appear  to  me  to 
be  entirely  against  the  accepted  facts  of  our  profession.  General 
Webber  prescribed  that  the  consumption  of  coal  per  kilowatt  of 
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The  continuous  current  was  not  to  exceed  7  lbs.,  and  for  alternating 

current  it  was  not  to  exceed  5  lbs.  This  is  directly  contrary  to 
the  results  which  have  generally  obtcuned  credit  with  us — viz., 
that  the  continuous  current,  kilowatt  for  kilowatt,  can  be  pro- 
duced at  a  cheaper  rate  than  the  alternating  current;  and  it 
would  be  very  interesting  to  hear  some  remarks  on  that  subject, 
and  to  get  at  the  £Eu;ts  of  the  case.  Then  another  remark  which 
General  Webber  made  was  about  the  twin  telephone  cables  being 
protected  against  interference  by  this  iron  sheathing.  To  my 
mind,  twin  telephone  cables — that  means  telephone  cables  with 
metallic  circuits — surely  do  not  want  any  protection  at  all ;  they 
protect  themselves  against  any  interference.  It  is  almost  in- 
vidious in  me  to  say  a  word  in  fevour  of  lead-cased  cables,  and  I 
am  only  doing  it  because  the  other  lead-cased  cable  makers  seem 
to  be  absent  to-night.  You  must,  therefore,  take  my  remarks  in 
this  respect  as  an  ex  parte  statement  entirely,  and  not  as  coming 
from  one  in  my  capacity  as  chairman  of  this  meeting.  These 
wonderful  conduits  which  are  shown  here  are  said  to  have  their 
various  good  qualities,  in  that  you  can  easily  heat  them  and  bend 
them  if  you  like.  Now  take  one  of  those  large  lumps  of  bitumen, 
and  imagine  the  case  of  a  crowded  street  in  the  City,  and  that 
you  have  the  task  before  you  of  bending  the  conduit  so  that  the 
thing  does  not  get  out  of  shape  in  the  curve.  I  would  rather 
prefer  laying  the  lead-covered  cables,  which  can  be  threaded 
over  and  under  gas  pipes  or  water  pipes,  or  any  other  obstruction, 
without  any  difficulty,  and  which  can  also  be  tapped  for  connec- 
tion with  customers  in  any  place,  just  as  gas  pipes  can  be  tapped. 
Will  you  also  kindly  recollect  that  I  speak  with  experience  of 
City  work  ?  because,  as  General  Webber  remarks  in  his  paper, 
one  of  the  three  districts  which  were  laid  experimentally  was 
given  to  our  firm,  and  there  we  had  the  full  complement  of  pipes 
and  obstructions,  including  bones,  to  deal  with.  This  arrange- 
ment with  lead  cables  possesses  the  great  advantage  that  you 
have  not  to  take  very  extensive  precautions  against  gas  explo- 
sion, because  naturally  the  gas  cannot  get  into  them.  Then 
General  Webber  mentioned  a  matter  which  we  consider  a  fallacy 
— viz.,  that  hollow  cables  are  of  advantage  if  you  deal  with  alter- 
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Dating  currents.  Theoretically,  the  "  skin  eflfect,"  as  I  think  it  ^^^^^^^ 
is  called,  exists  with  the  alternating  current,  which,  if  it  obeys 
all  the  laws  that  are  made  for  it,  ought  only  to  travel  on  the 
outside  of  the  cable.  That  eflFect  is  so  very  slight  that  you  can 
make  up  for  it  by  a  very  small  increase  in  the  section  of  the 
conductor ;  and  if  you  come  to  compare  the  price — which,  after 
all,  is  the  thing  a  practical  engineer  has  to  deal  with — of  a 
hollow-  or  hempen-core  cable,  such  as  General  Webber  describes, 
with  the  price  of  a  cable  which  has  only  a  slightly  larger  copper 
section,  you  will  find  it  much  cheaper  to  make  the  section  a 
little  larger ;  because  you  must  not  forget  that  making  a  hollow- 
core  cable  implies  that  you  have  to  put  more  insulator  round  it, 
and  increase  its  dimensions  generally,  much  more  than  you  would 
increase  the  dimensions  of  the  cable  if  you  simply  increase  the 
copper  by  a  small  percentage.  It  cannot  be  too  often  repeated 
that,  for  practical  engineering,  money  is  the  only  thing  which 
decides  whether  a  plan  should  be  adopted  or  not. 

Mr.  J.  B.  BRAiTHWArrE :  I  rise  to  express  my  regret  that  in  yw. 
a  body  like  ours,  which  ought  to  be  above  all  things  practical, 
General  Webber  has  ventured  to  throw  discredit,  and  to  indulge 
in  what  appear  to  be  unnecessary  sneers  against  those  who  had  the 
pluck  to  come  forward  to  find  the  means  for  financing  the  City  of 
London  Electric  Lighting  Company.  I  noticed  that  he  carefully 
omitted  to  read  that  portion  of  his  paper,  but,  as  I  imderstand  the 
whole  of  it  is  printed,  I  shall  venture  to  call  attention  to  one  or 
two  sentences.  "  As  we  all  know,"  he  says,  "  a  very  old  way  of 
^^  commencing  to  raise  capital  has  been  brought  out  imder  a  new 
**  name — namely,  by  the  starting  of  a  pioneer  company,  which  is 
**  one  way  of  getting  an  instalment  of  capital  together  to  .make 
"  a  beginning.  Of  course  there  is  no  engineering  justification  for 
"  it,  but  the  financial  physiciap  has  prescribed  it,  and  hence  this 
*'  first  capital  must  be  spent  with  a  primary  object  of  showing  that 
"  something  can  and  will  be  done.  The  future  of  the  under- 
-*  taking  firom  the  structural  point  of  view  may  become  quite  a 
**  secondary  consideration,  and,  indeed,  may  be  ignored  if  it 
^  interferes  with  the  parade  with  which  it  is  intended  to  ^  draw ' 
the  investing  public."    I  venture  to  say  General  Webber  could 
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B^thw  te  ^^"^'y  ^^  ^^^  Institution  of  Electrical  Engineers  a  worse  turn 
than  by  circulating  an  idea  throughout  the  City  that  electrical 
engineers  have  no  concern  whatever  with  finance ;  and  I  should 
like  to  be  allowed  to  recall  to  your  minds  the  circumstances  in 
which  we  were  placed  at  the  time  General  Webber  alludes  to,  and 
which  he  carefully  omits  to  mention  in  his  paper.  In  November,. 
1890,  when  the  house  of  Baring  practically  collapsed,  the  City 
experienced  the  greatest  financial  shock  it  had  had  since  ^^  Black 
^^  Friday,^  in  1866,  and  at  that  time  it  was  the  conmion  sajring  in 
the  City  that  you  could  not  borrow  15s.  on  the  security  of  a 
sovereign ;  whilst,  at  the  same  time,  the  Parliamentary  powers 
for  the  two  sections  of  the  City,  the  Eastern  and  Central,  would 
have  lapsed  and  become  absolutely  null  and  void  unless  work  had 
been  commenced  before  the  28th  of  February,  1891,  in  one  case^ 
and  the  29th  in  the  other.  Under  those  circumstances,  it  seems 
to  me  it  was  a  matter  of  great  interest  to  electrical  engineers 
that  there  should  be  men  found  sufficiently  plucky  at  that  time 
to  come  forward  and  put  down  the  hard  cash  to  save  those  orders^ 
to  provide  the  fees  for  Creneral  Webber  and  other  consulting 
engineers,  and  also  to  give  the  electrical  industry  probably  the 
greatest  opportunity  it  ever  had  of  showing  what  can  be  done  in 
the  way  of  electric  lighting  on  a  large  scale.  Therefore  I,  for 
one,  entirely  take  exception  to  the  sneering  character  of  his  refer- 
ence to  the  means  adopted  at  a  time  of  peculiar  stress  and  strain 
in  the  City  to  save  those  orders  from  being  forfeited,  and  to  give 
this  profession  an  opportunity  of  showing  what  it  can  do  on  a 
large  scale  in  the  greatest  city  of  the  world.  It  would  occupy  too 
much  time  to  follow  General  Webber  into  the  numerous  state- 
ments made  in  his  paper  which  many  of  us  connected  with  the 
City  of  London  Electric  Lighting  Company  know  to  be  in- 
accurate ;  but  I  ought  to  say  that  the  suggestion  he  makes  in  the 
passage  I  have  quoted — that  the  future  of  the  undertaking  has 
been  ignored  in  order  to  make  a  show — ^is  absolutely  devoid  of 
foundation  so  fer  as  the  City  of  London  Electric  Lighting  Com- 
pany is  concerned. 

Mr.  Mr.  J.  F.  Albright  :  I  should  just  like  to  say  that  I  entirely 

endorse,  broadly  speaking,  though  perhaps  not  every  word,  what 
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my  Mend  Mr.  Braithwaite  has  said.  I  have  had  a  certain  amount  ^/'^rj^^t;. 
of  experience,  althongh  nothing  like  his,  in  trying  to  get  schemes 
of  this  kind  carried  out,  and  I  must  say  I  find  if  you  are  to  avoid 
any  preliminary  expenses,  if  you  may  call  them  so—in  the  paper 
they  are  called  pioneer  financing, — they  can  be  called  by  any 
name  you  like, — but  if  you  avoid  all  that,  you  cannot  get  these 
large  schemes  dealt  with.  So  that  I  think — ^though  there  should 
be  no  question,  probably,  of  sneers,  or  anything  of  that  kind — a 
certain  amount  of  this  financing,  which  perhaps  General  Webber 
has  not  intended  to  be  so  severe  upon  as  some  paragraphs  of  his 
paper  would  lead  us  to  suppose,  is  justified.  I  have  not  much  to 
say  with  regard  to  the  paper,  because  it  seems  to  me  it  states  a 
great  number  of  facts,  or  at  least  they  are  said  to  be  facts.  I  do 
not  mean  that  they  are  not  facts  at  all ;  I  merely  mean  that  they 
are  statements,  and  I  am  not  prepared  to  enter  into  a  lot  of 
argument  to  meet  those  statements.  There  are  only  one  or  two 
very  small  details  upon  which  I  should  like  to  place  my  opinion 
before  you.  General  Webber  seems  to  me  to  be  rather  hard  upon 
the  glow  lamp  as  a  lamp  for  lighting  public  streets.  I  quite 
admit  it  wants  to  be  properly  put  up  and  well  used,  but  it  should 
not  go  forth  from  this  meeting  that  the  glow  lamp  is  inadequate 
to  light  public  streets.  My  own  experience  is  that  the  glow 
lamp — though,  of  course,  not  equal  to  the  specimen  of  arc 
lighting  we  have  before  us  to-night — ^is  undoubtedly  a  useful 
lamp  for  lighting  many  portions  of  the  public  streets.  I  shall 
hope  to  hear  a  good  deal  of  discussion  with  regard  to  the  various 
questions  General  Webber  has  put  before  us  about  the  cables.  I 
cannot,  of  course,  altogether  agree  with  him  with  regard  to  the 
advisability  of  having  adopted  the  Callender-Webber  system  to 
such  a  large  extent.  Some  experience  which  I  have  had  has  not, 
at  the  end  of  a  considerable  number  of  years,  shown  me  that  you 
can  rely  on  the  Callender  cable  to  be  drawn  in  and  out  of  the 
Callender-Webber  casings.  With  regard  to  lead  dables,  I  would 
join  issue  with  our  President,  and  say  that  they  are  not  altogether 
to  be  relied  upon,  especially  in  cases  like  the  City,  I  believe  the 
best  of  those  systems  before  you  to-night  is  that  of  the  wrought- 
iron  tubes  with  a  first-rate  insulated  cable  drawn  in. 
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Professor  S.  P.  Thompson  :  General  Webber  has  done  me  the 
honour  to  refer  to  me  in  his  paper  because  I  have  on  various 
occasions  advised  the  City  Lighting  Company  upon  matters  on 
which  they  desired  additional  opinions.  While  General  Webber 
has  no  doubt  been  very  anxious  to  do  me  justice  in  quoting  my 
opinions,  I  would  beg  to  be  allowed  to  remark  that  the  abstract 
that  he  has  made  of  certain  of  my  views  must  not  quite  be  taken 
as  giving  the  whole.  I  particularly  wish  to  say  I  do  not  impute 
any  unfedmess  at  all  to  General  Webber  in  making  these  abstracts. 
As  these  reports  I  have  made  to  the  City  Lighting  Company  are 
not  my  property,  I  am  naturally  debarred  from  referring  to  them 
in  detail^  that  I  might  show  what  my  real  opinions  are  on  certain 
points  where  only  a  portion  of  my  opinions  has  been  given.  I 
wpuld  not,  however,  like  it  to  go  out  that  these  matters,  where 
I  have  been  more  or  less  fully  quoted,  are  in  any  way  my  final 
judgment. 

With  regard  to  the  use  lu  series  of  incandescent  lamps  for 
street  lighting,  I  should  like  to  observe  that  it  seems  to  me  that 
success  is  very  largely  a  question  of  the  way  in  which  the 
incandescent  lamps  are  used.  I  would  that  we  could  point  to 
more  experience  in  the  use  of  incandescent  lamps  in  series 
methods  of  lighting,  for  I  am  quite  sure  that  there  are  plenty  of 
cases,  both  in  large  towns  and  in  small — perhaps  particularly  in 
small-T-where  arc  lighting  is  not  the  right  thing,  where  every 
arc  gives  far  too  much  light — that  is  to  say,  far  more  than  is 
wanted  in  the  immediate  neighbourhood  of  the  lamp-post.  Yet 
you  cannot  afford  to  put  up  posts  frequently  enough  to  illuminate 
the  spaces  between,  and  therefore  a  much  larger  number  of  much 
smaller  lamps  would  be  the  obviously  right  thing.  But  the  use 
of  such  lamps  is  restricted  on  account  of  the  cost  of  a  parallel 
distribution,  while  a  series  distribution  would  be  much  more 
apropos.  We  have  really  very  little  experience  in  the  use  of 
series  glow  lamp  lighting,  and  those  who  have  such  experience 
would  confer  a  considerable  benefit  upon  other  electrical  engineers 
if  they  would  tell  us  what  their  experience  has  been,  and  how 
they  have  obviated  the  difficulties  that  arise  in  the  use  of 
incandescent  lamps  in   series.      With  respect    to    the    use  of 


1894.]  DISCUSSION.  191 

dioptric  shades  for  arc  lamps,  we  all  know  how  the  City  Company  Protes^sor 

,  ,.        .1  -i./v.  1^.1  Thompson. 

has  earned  out  the  attempt  to  distnbute  or  dinnse  the  light  of 
the  arc  by  means  of  such  shades.  We  all  know  Mr.  Trotter's 
researches  of  10  or  12  years  back,  and  the  very  excellent 
principles  from  which  he  set  out.  This  is  a  matter  which  would 
very  well  claim  a  discussion  to  itself,  for  there  is  much  more  to 
be  said  on  the  subject  than  perhaps  many  members  are  aware  of. 
Quite  recently  in  France  an  engineer,  Mons.  Fr^dureau,  has  been 
at  work  carrying  out  further  into  practical  effect  the  ideas  which 
were  begun  by  Mr.  Trotter  in  the  production  of  dioptric  shades, 
with  forms  of  true  geometrical  significance  impressed  upon  the 
glass.  One  thing  certainly  can  be  done  in  this  way  with  the  use 
of  ^propriately  shaped  glass  shades — namely,  to  abolish  for  ever 
the  dark  shade  which  generally  exists  underneath  an  arc  lamp. 
The  very  worst  way  to  use  an  arc  lamp,  in  my  judgment,  apart 
from  the  mere  question  of  practical  convenience,  is  to  put  it  on 
the  top  of  an  opaque  lamp-post.  The  best  way  is  to  suspend  it 
in  some  manner,  but,  above  all,  to  provide  for  a  dioptric  shade 
going  underneath,  which  will  diffuse  the  light  straight  down  as 
well  as  sideways.  The  point  immediately  imder  the  arc  lamp, 
which,  is  generally  now  the  worst  illuminated,  ought,  on  the 
contrary,  to  be  the  best  illuminated ;  and  many  of  the  objections 
that  are  so  prevalent  and  so  well  foimded  against  the  use  of  arc 
lamps  for  interior  lighting  will  be  removed  when  once  proper 
dioptric  shades  are  to  be  had  for  the  purpose  of  distributing  and 
diffusing  the  light,  which  otherwise  would  be  unbearable.  I  do 
not  wish  to  add  anything  further,  except  that  we  are  very  much 
indebted  to  Greneral  Webber  for  this  very  complete  history  of  the 
development  of  electric  lighting  in  the  City  of  London. 

Mr.  E.  £•  Crompton:  General  Webber  has  asked  me  in  a  Mr. 
footnote  to  his  paper  to  give  the  cost  of  the  same  section  of  '^'"*'®"' 
feeder  in  the  form  of  bare  copper  conductors  laid  in  our 
culvert  system.  I  am  very  glad  to  give  him  this  informa- 
tion, and  I  do  it  with  greater  willingness  as  it  illustrates  a 
point  to  which  I  have  often  tried  to  direct  the  attention  of 
members  of  this  Institution.  I  have  always  pointed  out  that 
np  to  a  certain  distance  the  real  difference  in  the  cost  between 
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high-  and  low-pressure  distribution  lies  in  the  cost  of  the 
feeders.  In  the  high-pressure  case  we  have  a  feeder  consisting 
of  a  pair  of  high-pressure  cables,  and  at  the  end  of  them  one  or 
more  transformers  in  the  transformer  station ;  whereas  the  low- 
pressure  feeder  is  a  pair  of  conductors  jointed  to  the  network  at 
the  desired  point  by  an  ordinary  junction  box.  I  say  advisedly 
"  a  pair  of  conductors,"  because  I  have  never,  in  any  of  the  three- 
wire  systems  of  distribution  laid  out  by  me,  used  a  feeder  for  the 
third  wire,  as  I  have  found  it  unnecessary. 

However,  General  Webber  states  that  the  cost  of  a  low- 
pressure  feeder  1,200  yards  long,  consisting  of  cables  drawn  iaU> 
pipes,  and  having  a  total  cross-section  of  10  square  inches  (that 
is,  4  square  inches  for  each  outer  conductor,  and  2  square  inches 
for  the  middle  wire),  will  be  £15,660,  and  asks  me  to  say  what 
would  be  the  cost  of  a  similar  feeder  on  the  culvert  system. 
I  believe  that  there  would  be  no  diflSculty  in  constructing  such  a 
feeder,  containing  62  tons  of  copper,  for  about  £5,500 ;  but  if  I 
were  going  to  use  such  a  feeder,  I  should  not  use  it  as  General 
Webber  proposes  :  I  should  use  at  least  220  volts  instead  of  200, 
and  I  should  omit  the  third  wire.  If  I  work  with  the  same 
percentage  loss  as  proposed  by  General  Webber,  these  two 
modifications  would  reduce  my  total  section  from  10  square 
inches  to  6  square  inches,  and  hence  the  total  weight  from 
62  to  37  tons.  Under  these  circumstances  the  cost  of  this^ 
feeder  could  be  brought  down  to  something  between  £4,000 
and  £4,500. 

Of  course  this  is  on  the  supposition  that  we  should  find  space 
throughout  the  entire  length  of  the  feeder  for  the  culvert  system  ^ 
but  it  is  fair  to  say  that  we  rarely  do  find  such  space  continuously. 
We  find  that  at  crossings,  and  at  places  where  exceptional  diffi- 
culties arise,  we  have  to  change  the  system  from  the  culvert, 
system  to  that  of  short  lengths  of  cable  drawn  into  cast-iron 
casing ;  and  with  conductors  of  such  heavy  section  as  this,  this 
will  materially  increase  the  cost ;  so  that,  if  we  allow  an  average 
percentage  of  thfe  total  length  of  the  feeder  to  be  in  the  form  of 
easing  and  cables,  we  shall  have  to  increase  the  total  cost  from 
this  cause  up  to  about  £5,500.    These  figures  compare  very 
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favourably  with  the  large  figure  quoted  by  General  Webber,  and  ^^p^^ 
with  the  cost  of  the  high-pressure  feeder. 

If  we  go  further,  and  compare  the  maintenance  cost  of  the 
two  systems,  there  is  no  diflSculty  in  showing  that  the  low- 
pressure  feeder  will  be  the  least  costly,  as  Creneral  Webber  has 
given  in  detail  the  cost  of  upkeep  of  the  high-pressure  feeder, 
and  he  brings  this  out  at  £367  per  annum.  If  T  adopi  the 
same  figure  for  interest  and  sinking  fund  at  4  per  cent.,  my 
low-tension  feeder  will  cost  £172  per  annum  under  this  head; 
but  as  many  years  of  experience  has  shown  us  the  maintenance 
of  the  culvert  system  is  under  half  a  per  cent,  per  annum  on  its 
first  cost,  the  maintenance  charge  on  such  a  feeder  should  not 
exceed  £20  per  annum;  therefore  the  total  cost  of  this  feeder 
would  be  £182  per  annum,  or  just  about  half  that  of  the  high- 
pre^ure  one. 

In  laying  these  figures  before  the  meeting,  I  must  again  point 
out  that  in  them  lies  the  whole  pith  of  the  great  controversy 
between  high  and  low  pressure.  Nothing  but  lengthened  ex- 
perience (much  longer  than  we  have  had  at  present)  in  the  use 
of  continuously  insulated  cables  will  tell  us  what  the  real  life  of 
these  cables  will  be  under  working  conditions.  In  most  cases  it 
would  be  a  costly  matter  to  open  these  cables  up  to  examine  them. 
Where  cable  systems  have  been  replaced  or  withdrawn,  the  statfe 
of  the  cables  has  very  frequently  not  been  satisfiujtory.  On  the 
other  hand,  the  culvert  system  has  now  been  in  use  seven  years, 
and  it  is  so  accessible  for  examination  that  every  portion  of  the 
conductors  can  be  seen  and  inspected  almost  as  well  as  if  the  con- 
ductors were  laid  out  on  the  pavement.  Engineers  now  in  charge 
of  culvert  systems  are  able  to  sign  certificates  that  the  copper 
conductors,  insulators,  and  culverts  are  practically  in  the  same 
c6nditi()n  as  when  first  laid  down  seven  years  ago;  so  that, 
although  we  have  not  yet  arrived  at  any  finality  in  calculating 
the  life  of  cables,  we  have  arrived  at  a  very  definite  idea  of  what 
the  life  of  a  culvert  system  will  be,  and  are  justified  in  forming 
the  opinion  that  the  upkeep  will  be  excessively  small  for  all  time. 

I  think  we  must  all  thank  Creneral  Webber  for  his  paper,  which 
must  have  taken  a  great  amoimt  of  labour  to  compile,  condensing 
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as  it  does  a  vast  amount  of  very  useful  information  into  a  small 
space.  It  is  quite  impossible  for  anyone  to  discuss  it  in  a  satis- 
factory manner  at  the  short  notice  that  we  have  had,  but  I  must 
say  I  have  a  strong  sympathy  with  the  gentlemen  who  have  so 
successfully  carried  through  the  financial  arrangements  of  this 
company  at  a  time  of  unexampled  di£Sculties. 

General  C.  E.  Webber  :  I  can  only  reply  to  a  few  points 
mentioned  by  the  speakers.  As  regards  the  question  of  telephone 
tubes,  I  can  at  once  answer  that  my  i)aper  has  not  been  a  financial 
statement  of  capital  outlay  in  any  way  in  a  complete  fomu 
The  figure  that  was  given,  from  which  I  deduced  £75  per 
kilowatt,  was  one  chiefly  founded  on  the  published  prospectus 
and  reports  of  the  company.  The  financial  statement  of  the 
capital  expenditure  on  spare  tubes,  which  Mr.  Dale  calls  tele- 
phone tubes,  is  a  matter  on  which  I  have  not  the'  power  to 
inform  him  accurately.  A  remark  that  Mr.  Kapp  made  is  one 
which  I  very  much  regret  is  too  true.  It  is  that  the  discussion  has 
been  precipitated  by  my  having  curtailed  my  paper  in  the  reading ; 
but,  like  all  these  things,  when  you  have  put  down  what  you  have 
to  say  to  make  a  complete  account,  you  very  often  find  there  is  a 
great  deal  more  than  there  is  time  to  read ;  and,  as  I  had  promised 
our  President  to  keep  within  the  hour,  I  found  it  necessary  to 
do  so  by  reading  extracts,  as  Mr.  Prfeece  did  the  last  evening  we 
met.  The  question  of  the  screening  effects  which  Mr.  Kapp 
referred  to  as  being  in  a  very  small  way  due  to  the  sheathing, 
is  one  which  in  the  experiments  I  referred  to,  occupied  my 
attention,  because  the  sheathing  followed  on  that  experiment. 
The  screening  that  we  obtained  in  the  case  of  the  experiment 
was  with  wrought-iron  tubes,  which  were  placed  upon  the  trestles, 
sometimes  on  one  side,  and  at  other  times  under  and  around 
the  casing.  There  were  no  means  of  proving  what  the  value 
of  sheathing  was,  but  it  was  thought  essential  that  every  pre- 
caution that  could  possibly  be  adopted  should  be  resorted  to. 
From  my  own  observation  at  the  time,  I  believe  the  only  reason 
why  I  heard  sounds  in  the  twin  wires  was  that,  instead  of 
being  spirally  twisted,  they  were  parallel  to  one  another;  and, 
whatever  that  represented,  still  it  was  necessary,  if  possible,  to 
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prevent  all  possibility  of  disturbing  the  telephone  conductors  General 
in  the  event  of  their  being  laid  not  spirally  twisted  and  parallel 
in  the  same  trench.  What  the  sheathing  has  done  I  have  no 
means  of  telling,  and  I  do  not  think  without  a  very  exhaustive 
experiment  we  can  be  sure  that  the  money  laid  out  on  sheathing 
was  not  thrown  away.  Mr.  Esson  mentioned  questions  upon 
which  in  my  paper  I  have  carefully  guarded  myself  from 
making  any  reference  to — ^that  is,  the  experience  of  working. 
That,  I  think,  will  best  come  from  those  who  have  had  that 
experience,  and  it  would  be  presumptuous  in  me  to  refer  to  it 
in  any  way  at  second  hand.  I  have  perhaps  followed — I  do  not 
say  exactly — in  the  steps  of  Professor  Forbes  in  his  Niagara 
paper.  I  have  given  you  a  paper  which  chiefly  describes  work 
of  which  the  working  result  has  still  to  be  obtained,  at  the 
same  time  confining  myself  entirely  and  absolutely  to  work  of 
which  I  had  the  designing,  or  superintendence  of  the  designing, 
and  mostly  of  the  execution.  The  remark  of  Mr.  Siemens  on 
the  7  lbs.  and  5  lbs.  of  coal  is  due  probably  to  his  not 
having  had  time  to  read  the  paper  with  sufficient  care. 
The  7  lbs.  was  allowed  as  a  well-known  figure — namely,  that 
the  arc  lamps  are  to  be  run  by  Brush  and  Thomson-Houston 
dynamos,  from  which  greater  efficiency  of  coal  consumption 
cannot  be  obtained.  A  high-pressure  continuous  current  is  used, 
and  if  any  other  figure  had  been  put  than  7  lbs.,  the  contractors 
would  liot  have  been  prepared  to  accept  it.  The  5  lbs.  as  the 
expenditure  of  coal  for  the  alternating  plant,  I  think  is  a  very 
good  one,  and  one  which  there  is  every  ;i^rospect  of  their  being 
able  to  keep  within.  Th6  other  remark  of  our  President  opens  up 
a  very  big  subject,  because  it  is  one  which  you  may  say  has  pro- 
duced as  much  discussion  as  the  broad  gauge  and  narrow  gauge, 
or  the  breech-loader  and  the  muzzle-loader.  It  is,  whether  you 
are  to  lay  down  underground  in  the  first  instance,  lead-covered 
cables  of  sufficient  number  and  size  to  meet  all  your  possible 
future  demands  for  low-tension  distribution.  If  that  is  right, 
then  there  is  no  use  putting  in  empty  conduits  for  cables  to  be 
drawn  in  afterwards.  The  essential  object  of  getting  your  con- 
duits in  is  that  you  provide  your  ways  in  advance,  and  in  excess 
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if  possible,  so  that  you  may  have  ample  room  for  your  cables. 
Until  we  have  figures  which  are  at  the  present  moment  far 
beyond  our  reach — ^that  is  to  say,  the  figures  of  the  actual  first 
cost  and  progressive  cost  of  underground  work  in  various  great 
undertakings  in  great  cities  throughout  the  world — we  cannot 
arrive  at  a  conclusion.  At  present  many  undertakings  are  much 
in  the  position  of  the  gas  companies  who  began  by  laying  down 
small  pipes,  then  larger  ones,  and  then  larger  still;  whereas 
it  is  perfectly  certain  that  if  they  had  put  in  large  ones  in 
the  first  instance,  they  would  have  saved  themselves  an  enormous 
outlay  on  extensions.  As  the  President  says,  money  decides  the 
issue.  I  have  stated  a  great  deal  in  connection  with  the  cost 
of  work  in  this  paper,  and  have  done  it  with  the  view  of  leading 
your  minds  up  to  what  engineering  works  of  this  kind  will  cost 
when  carried  out  imder  various  conditions  of  possible  or  im- 
perfect economy. 

Professor  Thompson's  statement  as  regards  my  quotation 
from  what  he  told  me,  is  entirely  in  accordance  with  what  was 
my  intention  and  spirit.  I  did  not  wish  to  quote  him  litenJly, 
but  I  wished  perhaps  to  draw  attention  to  statements  of  his 
which  my  paper  fully  supports.  At  the  same  time,  it  is  natural 
that  his  views,  as  coincident  with  mine  in  1891,  should  be 
pointed  to  in  justification  of  steps  which  were  taken  in  com- 
mencing and  proceeding  vrith  such  a  great  work.  I  think  he 
has  put  it  exactly  in  the  way  I  should  have  put  it  if  I  had 
been  in  his  place. 

I  am  very  happy  to  find  that  my  figures  in  the  footnote  to 
which  Mr.  Crompton  refers,  have  drawn  out  fi'om  him  a  statement 
which  is  of  great  value.  But  there  is  one  point  on  which  he  does 
not  answer  me,  and  that  is  whether  the  £4,400  will  construct  a 
conduit  which  will  be  confined  within  the  sectional  area  I  have 
given. 

Mr.  Crompton  :  Yes. 

General  Webber  :  Of  course,  if  he  adds  that  it  can  be  confined 
within  that  sectional  area,  then  his  figure  is  complete ;  but  I 
doubt  much  if  he  can.  My  calculation  of  £15,000  was  also  a 
figure  calculated  from  the  cost  of  3-inch  ways  being  laid  in  the 
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ground,  and  very  large  cables  subsequently  drawn  in  ;  but  what-  General 
ever  result  there  may  be,  or  conclusion  in  your  minds,  from  both 
these  estimates  and  statements,  I  am  only  too  glad  that  my 
paper  has  been  the  means  of  calling  forth  a  comparison  of  figures 
of  such  very  widely  different  import.  Whether  it  leads  you  to  give 
Mr.  Grompton  or  me  an  order,  I  do  not  know,  but  I  suppose  I 
should  be  at  the  bottom  of  the  list.  The  only  matter  of  discord 
that  has  been  imported  into  the  discussion  has  been  that  the 
expression  of  "sneering"  allusions  to  the  procedure  of  financiers  is 
laid  to  my  charge.  It  was  not  my  intention  to  do  anything  more 
than  to  describe  the  process  by  which  capital  is  sometimes  raised, 
and  its  effects  on  engineering.  Unfortunately,  it  may  be  un- 
avoidable; I  am  not  prepared  to  say  if  it  is  avoidable.  In 
spite  of  Mr.  Braithwaite,  I  still  regard  it  as  regrettable  that  it 
should  be  associated  with  great  engineering  imdertakings.  I  think 
that  charge  comes,  perhaps,  more  ungraciously  from  the  lips  from 
which  it  emanated,  because  in  the  whole  of  my  paper  there  is  one 
story  that  runs  through  it,  and  that  is,  applause  accompanying 
the  record — and  I  think  a  very  handsome  record,  and  well- 
deserved — of  the  work  of  the  company  of  which  the  speaker 
has  lately  become  the  chairman. 

The  PREsmENT :  Gentlemen, — I  have  now  to  call  upon  vou  to  i^e 
give  a  vote  of  thanks  to  General  Webber  for  the  very  interesting 
paper  he  has  brought  before  us.  I  will  not  enter  into  the  points 
.again,  but  I  can  tell  you  that  we  have  the  prospect  of  hearing  a 
statement  from  Mr.  Grompton  on  the  actual  works  of  low- 
pressure  stations ;  and  also  a  statement  from  other  sources  as  to 
how  these  works,  the  origin  of  which  General  Webber  has  de- 
scribed, have  been  actually  working  in  practice.  I  beg  to  move 
that  the  thanks  of  the  meeting  be  given  to  General  Webber  for 
his  paper. 

The  motion  was  carried  by  acclamation. 

The  President  :  I  have  to  report  that  the  scrutineers  declare 
the  following  candidates  to  have  been  duly  elected : — 

Fijreign  Member ; 
Ernst  Danielson. 
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Members : 


The    Marquis    of    Salisbury, 
K.G.,  F.R.S.,  &c. 


Benjamin  Hillier  Antill. 


Walter  McLellan  Arnot. 

Sidney  Crouch. 

John  R.  Dobson. 

Augustus  Treyer  Evans. 

Oswin  G.  E.  Hansom. 

Lueien  Alphonse  Legros. 

J.  Joseph  Arthur  Montealegre. 


Associates : 

Percy  W.  Northey. 
Henry  Herbert  Reynolds. 
William  Gould  Rhodes. 
Charles  Turner. 
Miles  Walker. 


James  Whitcher. 


Frederic  John  Bakewell. 
Robert  Birkett. 
Alfred  Brown  Blakey. 
P'rank  William  Bowden. 
Alfred  C.  Eborall. 
Edward  Ernest  Hoadley. 


Students : 

John  J.  Pease. 

George  H.  Starr. 

Cecil  L.  Sumpter. 

Adolf  Schoder. 

Arthur  Percy  Strohmenger. 

Frank  Twyman. 


George  Reginald  James  Parkin- 


son. 


Charles  Yatman. 


The  meeting  then  adjourned. 
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The  Two  Hundred  and  Sixtieth  Ordinary  G-eneral  Meeting  of  the 
Institution  was  held  at  the  Institution  of  Civil  Engineers, 
25^  Great  George  Street,  Westminster,  on  Thursday  evening, 
February  22nd,  1894 — ^Mr.  Alexander  Siemens,  President, 
in  the  Chair. 

The  minutes  of  the  Ordinary  General  Meeting  of  February 
8th  were  read  and  approved. 

The  names  of  new  candidates  for  election  into  the  Institution 
were  announced  and  ordered  to  be  suspended. 

The    following    transfers    were    announced  as  having  been 
approved  by  the  Council: — 

From  the  class  of  Students  to  that  of  Associates — 


John  R.  Dick. 
Wilfred  H.  Everett. 
James  Hennann  Field. 


Albert  Edward  Frimstone. 
Henry  Home. 
Arthur  T.  Smith. 


Percy  M.  Williamson. 

Mr.  H.  C.  Haycrafb  and  Mr.  H.  E.  Mitchell  were  appointed 
scrutineers  of  the  ballot. 

The  President  :  I  will  now  caU  upon  Mr.  Kapp  to  read  his 
paper. 

ON  METHODS  OF  TESTING  THE  MAGNETIC  QUALITIES 

OF  IRON. 

By  GiSBERT  Kapp,  M.  Inst.  C.E.,  Member. 

The  industry  generally  comprised  under  the  term  ^^  heavy  Mr.  kh>p. 
^^  electrical  engineering  **  has  of  late  years  made  such  rapid  progress 
that  the  question  as  to  the  kind  of  materials  to  be  used  has 
become  of  great  importance.  As  regards  the  copper  wire  required 
in  the  construction  of  electrical  machinery,  certain  standards 
regarding  the  size  and  conductivity  have  from  the  very  first  been 
VOL.  xxm.  14 
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Mr  Kapiv  adopted.  The  metal  of  commutator  plates,  size  of  wearing 
surface,  type  and  number  of  brushes,  dimensions  of  resistance 
coils,  and  other  purely  electrical  parts  of  the  machinery,  have  also, 
as  a  rule,  been  specified ;  but  as  regards  the  iron  used  no  attempt 
was  at  first  made  to  define  it  by  specification.  Makers  of 
dynamos,  for  instance,  broadly  distinguished  between  cast-iron  and 
wrought-iron  field  magnets,  and  got  out  their  designs  with 
reference  to  the  magnetic  properties  each  of  these  two  kinds 
of  iron  was  assumed  to  possess ;  but  there  was  no  certainty  that 
the  iron  obtained  did  actually  possess  these  properties.  If  the 
machines  turned  out  according  to  design,  well  and  good ;  if  not, 
then  the  speed  or  excitation  had  to  be  altered  so  as  to  get  the 
output  right.  This  was  the  old  and  unscientific  method  of 
building  electrical  machinery.  The  modem  method  is  very 
different,  and  fax  more  certain.  The  manufiu^urer  of  a  dynamo 
knows  exactly  what  kind  of  iron  he  is  using,  and  he  is  thus  able 
to  predetermine  the  performance  of  the  machine  with  a  degree 
of  accuracy  which  formerly  was  impossible.  This  is  especially  of 
importance  in  large  machines,  as  experimental  runs  to  determine 
the  characteristic  at  full  load  are  not  easily  made,  and  are  always 
expensive.  In  such  cases  it  is  preferable  to  cut  a  sample  from 
the  magnets,  test  it  magnetically,  and  use  the  results  of  this  test 
in  designing  the  winding. 

In  some  cases  it  is  not  even  necessary  to  cut  off  samples  and 
test  them,  as  the  manufacturers  of  forgings  and  castings  for 
magnets  offer  now  to  supply  these  so  as  to  conform  to  a  certain 
magnetic  standard,  commonly  defined  by  means  of  a  curve  in 
which  the  abscissae  represent  magnetising  force  and  the 
ordinates  induction.  Provided,  then,  the  iron  maker  supplies 
exactly  the  material  which  he  has  promised,  the  winding  of  the 
machine  can  be  designed  without  any  preliminary  experimenting. 
Iron  makers  are  now  keenly  alive  to  the  importance  of  this 
subject,  and  produce  most  excellent  material.  The  testing  of 
iron  plates  intended  for  use  in  alternators  and  transformers  is 
another  of  those  questions  which  had  to  be  faced  by  manu&cturers 
who  wished  to  attain  perfection  in  their  work.  As  regards 
transformers,  it  will  probably  be  admitted  by  all  that  the  quality 
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of  the  iron  is  the  most  important  £Eictor  in  the  whole  design.  To  ^''  ^^*p^ 
make  a  good  dynamo  with  inferior  iron  is  still  possible ;  we  need 
only  use  enoogh  of  it,  and  spend  enough  money  on  the  copper  to 
make  up  for  the  deficiency  in  the  iron.  With  transformers  this 
cannot  be  done.  If  the  iron  is  bad,  no  increase  in  its  bulk, 
and  no  amount  of  money  we  may  spend  on  copper,  will  enable  us 
to  turn  out  a  good  transformer.  The  important  point  with 
transformer  plates  is  not  the  higher  or  lower  permeability,  but 
the  waste  of  power  by  hysteresis  and  eddy-currents ;  although  to  a 
certain  extent  the  two  go  together,  in  the  sense  that  a  very  soft 
iron  having  high  permeability  also  has,  as  a  rule,  a  small  hysteresis 
loss.  Plate  makers,  recognising  the  importance  of  small 
hysteresis,  now  offer  their  material  with  a  guarantee  that  the  loss 
with  a  given  induction  and  frequency  shall  not  exceed  a  certain 
amount  per  pound. 

Admitting,  then,  the  necessity  for  magnetic  tests  of  iron,  the 
question  as  to  method  arises.  There  can  be  no  doubt  that  the 
methods  adopted  by  Dr.  Hopkinson  and  Professor  Ewing  in  their 
classical  researches  give  the  most  accurate  results ;  but  the  very 
perfection  of  these  methods  forms  a  drawback  to  their  adoption  in 
engineering  works  where  highly  trained  experimenters  cannot  be 
found.  I  have  therefore  adopted  other  methods,  which  do  not 
aim  at  absolute  accuracy,  but  which  can  be  used  by  any  one  of 
the  staff  generally  found  in  the  test  room  of  electrical  engineering 
works.  The  apparatus  required  is  on  the  table,  and  I  venture  to 
bring  it  before  you  because  it  has  been  in  use  for  some  years,  and 
has  given  results  which  were  always  found  sufficiently  accurate 
for  all  practical  purposes. 

It  will  be  convenient  to  divide  the  subject  into  two  parts — 
one  dealing  with  the  testing  of  magnet  iron,  and  the  other  with 
the  testing  of  transformer  plates. 

Testing  Machine  for  Iron  Bars. 

This  is  shown  in  Fig.  1  to  a  scale  of  4  inches  to  the  foot.  For  the 
principle  on  which  it  is  based  I  am  indebted  to  a  little  instrument 
devised  some  four  years  ago  by  Professor  Silvanus  Thompson, 
and  called  by  him  a  "permeameter."   In  it  the  induction  through 
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the  sample  bar  is  mear- 
sored  by  the  force  re- 
quired to  pull  the  bar 
away  from  another  piece 
of  iron ;  and,  as  the  in- 
duction is  proportional 
to  the  square  root  of  thia 
force,  it  is  clear  that  any 
small  error  in  the  mea- 
surement of  this  force 
results  in  a  still  smaller 
error  in  the  determina- 
tion of  the  induction. 
Thus,  if  his  spring  balance 
were  wrong  by  2  percent.^ 
the  error  in  estimating 
the  induction  would  only 
be  1  per  cent.  So  far,, 
then,  as  the  determina- 
tion of  B  was  concerned,, 
the  permeameter  ap- 
peared to  be  an  exceed- 
ingly accurate  instru- 
ment; but  this  alone  ia 
not  sufficient.  We  must 
have  the  relation  of  B 
and  H,  and,  as  part  of 
the  total  ampere-tuma 
applied  is  required  for 
the  magnetic  circuit  out- 
side of  the  sample,  cer- 
tain corrections  must  be 
applied  in  the  determin- 
ation of  H.  It  was 
mainly  with  the  object 
of  making  these  correc- 
tions both  small  and  defi- 
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nite  that  I  altered  the  design  of  the  Thompson  permeameter  Mr.  k»pp. 
and  made  it  in  the  form  shown  on  the  diagram.  The  instru- 
ment consists  of  a  heavy  rectangular  frame,  made  of  the  best 
Lowmoor  iron,  well  annealed.  Within  the  frame  is  fixed  a 
solenoid  with  subdivided  winding,  so  that  a  variable,  but 
known,  number  of  turns  can  be  placed  in  circuit  by  using 
the  various  terminab  provided  on  the  instrument.  The 
object  of  this  arrangement  is  to  keep  the  current  within  such 
limits  as  will  ensure  the  greatest  accuracy  in  its  measurement, 
whilst  the  magnetising  force  is  varied  between  very  wide  limits. 
A  reversing  switch  is  inserted  to  facilitate  the  investigation  of 
the  complete  cycle. 

The  sample  consists  of  a  bar  accurately  turned,  and  fru^  at 
the  lower  end.  The  bar  is  kept  larger  at  the  upper  end,  where  it 
passes  through  a  hole  in  the  frame — a  fairly  tight  fit — and  it  is 
centred  near  the  lower  end  by  a  little  gun-metal  ferrule.  Below 
the  bar  is  a  soft  iron  plunger,  guided  in  a  hole  in  the  frame,  and 
provided  with  an  attachment  for  holding  a  scale-pan  and  weights. 
The  plunger  is  made  larger  than  the  bar,  and  has  a  fine  hole 
drilled  through  it  to  ensure  good  contact  over  the  rest  of  the 
sur&ce.  The  dimensions  of  the  plunger  and  the  hole  in  the  frame 
being  accurately  measured,  it  is  of  course  quite  easy  to  determine 
by  calculation  how  much  of  the  ampere-turns  provided  is  required 
to  overcome  the  resistance  of  the  annular  air  space ;  and  this  is 
the  only  important  correction  required.  The  other  corrections, 
such  as  the  magnetic  resistance  of  the  frame,  or  that  of  the  joint 
between  the  sample  and  the  frame  at  the  top,  are  quite  trifling. 
Even  the  correction  for  the  resistance  of  the  air  space  is  only 
important  for  low  inductions.  For  inductions  above  10,000  it 
becomes  relatively  small,  and  above  15,000  quite  negligible.  The 
method  of  using  the  instrument  is  as  follows: — ^The  sample,  with  its 
end  carefully  fieused,  is  inserted  from  the  top,  and  a  small  current 
sent  through  the  solenoid,  using  the  smallest  number  of  turns. 
The  plunger  flies  up  against  the  sample  and  sticks  there.  The 
scale-pan  is  attached,  and  weighted  until  the  plunger  comes  off. 
The  exact  point  at  which  the  weight  overcomes  the  magnetic 
attraction  is  best  determined  by  slightly  varying  the  current  by 
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Mr.  K%p|K  means  of  a  rheostat ;  and  I  may  mention  that  it  is  necessary  to 
nse  a  storage  battery  to  provide  the  current.  To  ^ork  directly 
from  a  dynamo  is  impossible,  as  the  slight  yariation  in  current 
produced  by  the  irr^ularity  in  speed  of  the  engine,  or  the  flicking 
of  a  belt,  is  quite  sufficient  to  make  the  tearing-off  point  imcertain. 
The  current,  number  of  turns  in  the  solenoid,  and  the  weight  are 
now  increased  step  by  step,  then  decreased  again  to  zero.  The 
current  is  then  reversed,  and  the  operation  repeated,  so  as  to 
obtain  the  complete  cycle.  The  values  recorded  are  ampere-turns 
and  tearing-off  weight,  in  which  is,  of  course,  included  the  weight 
of  the  plunger  and  scale-pan.  The  greatest  weight  supported  by 
a  half-inch  sample  bar  of  good  iron  is  about  45  lbs.  I  need  not 
detain  you  by  giving  in  detail  the  calculations  for  finding  the 
relations  between  ampere-turns  and  H,  or  weight  and  B,  nor 
the  values  of  the  corrections,*  since  these  are  purely  elementaiy 
matters,  and  can  be  worked  out  for  any  testing  machine  of  this 
type  if  its  dimensions  are  known.  The  time  occupied  in  testing 
a  sample  through  a  complete  cycle  is  about  an  hour ;  one  man 
manipulating  the  weights,  and  the  other  the  current.  The  latter 
also  books  the  readings. 

I  have  used  the  apparatus  before  you  in  testing  large  numbers 
of  samples  of  cast  iron,  wrought  iron,  and  mild  steel  submitt^  to 
me  for  investigation  by  different  iron  makers,  and  some  of  the 
curves  obtained  are  on  the  table.  For  obvious  reasons,  I  do  not 
mention  any  particular  maker  of  magnet  steel ;  but  I  may  say 
generally  that  the  samples  of  steel  submitted  to  me  were  very 
good,  and  in  some  cases  better  than  wrought  iron.  The  good 
qualities  of  mild  steel  as  revealed  by  the  testing  machine  were 


*  In  the  iiiBtnunents  exhibited,  the  corrections  for  top  of  sample,  frame,  piston, 

2-87 
and  air  resistance  collectiyelj  amoant  to  Tqqq  B  ampere-toms,  to  be  deducted 

from  the  total  ampere-tnms.  Thus,  f or  B  -  12,000,  which  would  be  the  lowest 
induction  of  practical  importance,  28*5  ampere-turns  would  haif«  to  be  deducted 
from  a  total  of  about  800 ;  whilst  for  B  —  15,000  the  corrections  would  be  35*6  to 
be  deducted  from  a  total  of  about  1,500,  and  for  higher  inductions  the  correction 
becomes  quite  negligible.    If  P  is  the  tearing-off  weight  in  pounds,  B  »  2,978  >/P; 

and  if  X  represents  the  corrected  ampere-turns,  H  =>  ^^7^ 
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ftdly  confirmed  when  the  same  material  was  used  in  dynamos  and  ^'  ^Pt>- 
thus  tested  on  a  large  scale. 

TEsmsQ  Machine  fob  Tbansformeb  Plates. 

M J  first  attempt  to  make  snch  a  machine  was  a  &ilare,  but,  as 
fidlores  are  sometimes  as  instructive  as  successes,  I  have  placed 
the  machine  on  the  table  for  your  inspection.  In  this  machine  I 
did  not  measure  the  power  lost  in  the  sample,  but  endeavoured  to 
get  an  approximate  means  for  comparing  the  permeability  of 
different  samples.  An  iron  ribbon  is  coiled  up  to  form  a  closed 
ring,  and  this  is  wound  on  opposite  sides  with  coils  so  connected 
as  to  produce  consequent  poles  over  the  two  sides  kept  free  from 
winding.  The  sample  is  made  up  of  narrow  strips  into  a  flat  bar, 
which  is  laid  across  the  poles  to  form  a  magnetic  bridge.  The 
sample  is  surrounded  by  a  pilot  coil,  and  this  is  connected  with 
an  electrostatic  voltmeter.  If  the  same  current  is  always  sent 
through  the  main  coils,  and  at  the  same  frequency,  then  the  volts 
produced  by  the  pilot  coil  are  supposed  to  give,  roughly,  an 
indication  of  the  comparative  value  of  the  samples.  The  method 
was  a  fiiilure,  partly  because  permeability  is  not  an  absolutely 
reliable  guide  in  estimating  hysteresis  loss,  but  chiefly  because 
the  uncertainty  in  estimating  the  magnetic  resistance  of  the 
joints  completely  swamped  any  small  differences  that  might  have 
existed  in  the  permeabilities  of  the  samples.  I  therefore 
promptly  abandoned  this  instrument,  and  set  to  work  on  another 
which  would  give  directly  that  what  we  want  to  measure — 
namely,  the  losses  at  given  inductions. 

This  instrument  is  shown  in  Fig.  2,  drawn  a  third  of  frdl 
size.  It  consists  essentially  of  a  closed  magnetic  circuit 
of  rectangular  shape,  the  two  longer  limbs  being  enclosed 
in  exciting  coils.  One  long  limb  and  the  two  uprights  are 
composed  of  plates  in  one  piece;  the  other  long  limb  is  formed  by 
the  sample  plates,  which  are  laid  together  so  as  to  make  up  a 
certain  weight,  and  are  then  bound  together  with  tape  and  inserted 
through  the  top  coil.  The  sample  is  fixed  by  wooden  wedges. 
The  coils  are  connected  with  a  source  of  alternating  E.M.F.  sine 
function  through  a  wattmeter,  and  the  instrument  is  thus  ready 
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Mr.  Kapp.    for  use  without  further  preparation  beyond  making  up  a  bundle 
of   plates    into  a  sample  bar  and  inserting  the  latter.     The 


Fio.  2. 

Scale— I  ioGhei  to  the  foot. 

instrument  is  calibrated  once  for  all  by  making  the  sample  and 
the  fixed  part,  or  yoke,  of  the  magnetic  circuit  out  of  the  same 
quality  of  plates,  measuring  the  loss  of  power  at  different 
inductions,  and  apportioning  the  losses  between  the  yoke  and 
sample  according  to  their  weights*  When  testing  other  samples 
the  total  loss  is  measured  by  the  wattmeter,  and  from  this  is 
deducted  that  portion  of  the  loss  which  is  occasioned  by  the  iron 
which  forms  part  of  the  instrument,  the  remainder  being  the  loss 
in  the  sample.  A  correction  must  be  made  for  the  loss  of  power 
resulting  from  the  ohmic  resistance  of  the  two  coils,  but  this  is 
exceedingly  small.  The  induction  is  found  from  the  E.M.F. 
applied  to  the  coils  and  the  frequency.  In  order  to  have  a  wide 
range  of  induction,  and  yet  keep  the  measurements  of  current 
and  E.M.F.  within  the  limits  most  convenient  for  the  instru- 
ments at  hand,  the  coils  are  subdivided,  and  suitable  terminals 
are  provided.  The  resistance  of  the  joints  between  the  sample 
and  the  yoke  is  inmiaterial,  as  it  influences  only  the  current,  but 
not  the  power. 

The  upper  curve  in  Fig.  3  shows  average  results  obtained  in 
testing  samples  of  plates  furnished  by  several  different  suppliers 
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of  transformer  iron.    I  say  advisedly  "  suppliers,"  and  not  makers,  Mr.  Kapp. 
because  iron  merchants  are,  as  a  rule,  disinclined  to  give  the  name 
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of  the  maker.  In  {isict,  I  have  had  a  case  in  which  two  samples 
supplied  by  rival  merchants  gave  precisely  the  same  curve,  and  on 
making  inquiries  I  found  that  the  iron  came  indeed  from  the  same 
maker,  but  was  sold  under  different  names.  The  lower  curve  in 
Fig.  3  shows  the  results  obtained  with  the  best  sample  I  ever 
tested.  As  it  is  not  my  purpose,  and  as  it  would  indeed  be 
improper  to  advertise  any  particular  maker  in  a  paper  of  this 
kind,  I  trust  you  will  not  expect  me  to  give  his  name.  The 
curves  are,  for  convenience  in  use,  plotted  under  the  supposition 
that  the  frequency  is  100.  The  abscissae  give  induction,  and  the 
ordinates  loss  of  power  in  watts  per  pound  of  iron.  The  thickness 
of  plates  varied  between  10  and  13  mils.  Within  these  limits  I 
believe  that  the  thickness  has  only  a  very  small  influence  on  the 
loss — at  any  rate,  I  have  not  been  able  to  detect  any  such 
influence;  and  this  confirms  an  admirable  investigation  by 
Professor  Ewing  in  which  he  showed,  on  theoretical  grounds,  that 
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a  redaction  of  thickness  below  about  13  mils  is  of  no 
advantage.  It  is,  of  course,  quite  easy  to  test  transformer 
plates  by  taking  a  known  weight  of  stampings  and  making  them 
up  in  a  transformer  with  only  one  coil  (preferably  a  low-pressure 
coil).  If  the  same  coil  be  always  used  for  this  purpose,  the  results 
will  be  perfectly  reliable.  The  method  is,  however,  tedious  when 
a  number  of  samples  has  to  be  tested,  as  time  is  wasted  in 
building  up  and  taking  to  pieces  again  the  plates  between  each 
set  of  tests.  With  my  testing  machine  all  the  samples  can  be 
prepared  beforehand,  and  slipped  in  quickly  one  afber  another,  so 
that  the  whole  series  of  tests  can  be  performed  under  the  same 
conditions  and  by  the  same  men.  The  facility  with  which 
samples  can  be  changed  is  also  of  value  if  it  should  be  necessary 
to  verify  any  doubtful  point  in  the  curve  obtained  in  a  previous 
test. 

There  is  another  and  very  obvious  method  of  testing  trans- 
former iron,  and  that  consists  in  making  up  a  complete 
transformer  with  the  sample  plates  to  be  tested.  Apart  from 
the  waste  of  labour  entailed  if  the  iron  should  turn  out  bad,  this 
method  is  very  uncertain.  The  reason  for  this  uncertainty  is 
that  we  test,  not  the  iron  alone,  but  the  complete  transformer, 
and  we  are  thus  left  in  doubt  as  to  how  much  of  the  measured 
loss  is  really  due  to  the  iron.  Theoretically  the  whole  loss  is 
due  to  the  iron,  but  in  practice  this  is  seldom  the  case.  When 
testing  a  transformer  immediately  it  is  completed,  and  again 
afber  some  weeks  during  which  it  has  been  regularly  at  work, 
you  will  find  that  its  losses  have  become  less.  This  I  believe  to 
be  due  to  the  coils  having  become  thoroughly  dry,  and  their 
insulation  higher.  A  very  small  electrical  leak  in  the  high- 
pressure  winding  may  easily  lead  to  a  waste  of  power,  which, 
although  small  in  itself,  and  not  capable  of  doing  any  damage,  is 
still  appreciable  when  compared  with  the  true  iron  loss.  Take, 
for  instance,  a  4-kilowatt  transformer  wound  for  2,000  volts.  Its 
iron  loss  would  be  about  2  per  cent.,  or,  say,  80  watts.  Suppose, 
on  testing  this  transformer,  you  find  that  the  loss  is  not  80,  but 
100  watts.  You  might  then  conclude  that  the  iron  has  25  per 
cent,  more  loss  than  it  ought  to  have,  and  you  would  condemn 
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the  sample.  This  might,  however,  be  an  unjust  verdict.  The  Mr.  Kapp. 
extra  20  watts  measured  might  very  well  be  due  to  a  general 
leakage  of  current  across  the  turns  of  the  high-pressure  coil. 
The  leakage  surface  is  large,  and  the  pressure  is  large,  so  that  the 
current-density  of  the  leak  is  very  small,  and  no  damage  will  be 
done.  The  leak  vanishes  as  the  transformer  gets  dry,  and  thus 
may  be  explained  the  curious  &ct  that  transformers  get  better 
after  use.  The  moral  of  this  is  that  to  do  justice  to  a  trans- 
former the  final  test  should  only  be  taken  after  it  has  been  at 
work  for  some  time. 

In  conclusion,  I  wish  to  express  my  thanks  to  Messrs. 
Johnson  &  Phillips  for  the  loan  of  the  testing  machines  here 
exhibited. 

The  President  :  We  have  heard  a  very  interesting  paper,  and.  The 
as  it  is  on  magnetism,  I  am  sure  we  should  like  to  hear  what 
Professor  Hughes  has  to  say  on  the  subject. 

Professor  D.  E.  Hughes  :    Mr.  President, — I  thank  you  for  frotenor 

'  •'  Hughes. 

having  so  kindly  asked  me  to  make  a  few  remarks  in  relation  to 
Mr.  Kapp's  admirable  paper ;  but  I  feel  that,  whilst  I  have  had  a 
large  experience  with  testing  iron  for  the  low  magnetic  force 
used  in  the  electro-magnets  for  telegraphy,  I  have  not  had  any 
wide  experience  with  the  very  high  magnetic  power  that  is  used 
to-day  in  dynamos  and  transformers. 

The  principle  of  measuring  the  holding  power  of  an  electro- 
magnet upon  its  armature  is  one  that  I  have  employed  in  my 
printing  telegraph  instrument  for  the  last  30  years.  I  thus 
know  that  this  method  can  be  rendered  exceedingly  sensitive, 
and  made  to  record  the  slightest  change  in  the  magnetic  state  of 
the  electro-magnet;  but  at  the  same  time  I  know  that  great 
care  has  to  be  taken  that  the  armature  shall  rest  in  contact  with 
the  core  in  a  perfectly  invaria]t>le  condition,  else  a  great  change  in 
the  amount  of  force  required  to  separate  the  armature  is  observed. 

In  my  telegraph  instrument  these  conditions  are  easily 
fidfilled,  but  I  fear  that  in  Mr.  Kapp's  arrangements  the  armature 
would  with  great  difficulty  be  brought  exactly  in  the  same 
condition  as  to  contact  that  it  had  in  a  preceding  test. 

Mr.  Kapp  has  no  doubt  met  with  this  difficulty,  and  probably 
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vanquished  it ;  but  I  should  like  to  ask  him  what  precautions  he 
employs  to  ensure  an  absolute  identical  contact  at  each  trial  of 
different  specimens. 

I  will  only  add  my  warmest  appreciation  of  Mr.  Kapp's  paper, 
and  express  my  thanks  to  him  for  having  brought  it  before  our 
Society. 

Professor  Silvanus  P.  Thompson  :  Mr.  Kapp  has  done  me  the 
honour  of  referring  to  my  permeameter  that  I  devised  some  four  or 
five  years  ago.  When  I  described  it  first  it  was  very  primitive, 
and  the  second  form  of  instrument  that  was  made  by  Messrs. 
Nalder  Bros,  was  very  much  better.  I  would  remark  that,  while 
it  is  quite  true  that  we  may  make  corrections  for  various 
sources  of  possible  error,  such  as  the  magnetic  reluctance  of  other 
parts  of  the  apparatus  than  the  part  under  measurement,  yet 
still  it  seems  better  to  me  that  when  instruments  of  this  kind 
have  to  be  designed,  they  should  be  designed  so  as  to  avoid  all 
sources  of  subsequent  correction.  I  am  justified  in  making  the 
remark  by  what  one  knows  about  electrical  testing  instruments. 
For  instance,  in  the  design  of  the  metre  bridge  we  take  care  that 
all  the  auxiliary  conductors  and  copper  work  shall  be  very  thick 
and  highly  conducting  compared  with  the  wire  which  is  stretched 
along,  and  which  is  to  serve  as  our  standard  resistance ;  and  we 
take  care  that  all  the  contacts  that  are  made  should  have  as 
slight  a  resistance  as  possible,  in  order  that  their  quantities  which 
might  be  applied  as  corrections  should  be  for  all  practical  pur- 
poses negligible.  That  was  my  idea  in  the  second  form  of 
permeameter  that  I  made,  wherein  the  cross  section  of  the  mass 
of  iron  surrounding  the  coil  and  plunger  was  in  my  instrument 
200  times  as  great  in  cross  section  as  the  sample  which  served 
as  plunger ;  so  that  one  might  entirely  neglect  any  correction  for 
the  ampere-turns  necessary  to  send  the  magnetism  through  the 
other  parts.  Then  my  plunger,  which  itself  was  the  test  piece — 
I  had  no  auxiliary  plunger — was  made  longer  and  thinner  in 
proportion  than  is  the  case  in  Mr.  Kapp's  instrument;  the 
length  being  for  the  purpose  of  eliminating  the  error  due  to 
possible  defective  contact.  For  if  one  chooses  to  work  with  a 
long,  thin  piece,  the  magnetic  reluctance  of  which  is  large,  then 
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we  spend  a  large  number  of  ampere-turns  in  magnetising  i*^f£jj'^'„ 
and  any  additional  number  of  ampere-turns  required  to  push  the 
magnetism  through  the  little  air  gap  at  the  end  is  small,  and 
may  be  neglected.  My  instrument,  I  ought  to  say  in  all  fairness, 
was  directly  suggested  to  me  by  the  researches  of  Dr.  Hopkinson. 
The  members  will  remember  that  in  Dr.  Hopkinson 's  method  of 
testing  the  magnetic  qualities  of  iron  he  had  a  large  massive 
block  of  soft  iron  of  rectangular  shape,  with  a  rectangular 
hole  slotted  out,  very  much  like  Fig.  1,  only  more  massive, 
and  that  the  test  pieces  to  be  examined  were 
two  bars  that  met  in  the  middle.  The  mag- 
netising coil  filling  up  the  rectangular  middle 
hole  was  in  two  parts,  and  a  small  exploring 
coil  could  be  introduced  into  it  between  them. 
The  two  test  pieces  were  made  to  touch  one 
another,  and  then  one  of  the  two  was  pulled 
out.  Then  the  exploring  coil  flew  out,  being 
puUed  out  sideways  by  a  piece  of  india-rubber, 
and  in  that  way  cut  across  all  the  magnetic 
lines  going  through  the  two  test  pieces.  It 
occurred  to  me,  in  looking  at  this  apparatus  of 
Dr.  Hopkinson's,  that  the  effect  which  he  has  sought  to  measure 
when  pulling  the  two  test  pieces  apart,  and  measuring  the  flow  of 
magnetic  lines  by  the  little  exploring  coil  and  the  galvanometer, 
might  be  equally  well  measured  by  the  pull  of  one  test  piece  on 
the  other.  And  having  got  as  &r  as  measuring  the  pull  of  one 
test  piece  on  the  other,  I  then  said  to  myself.  Why  should  you 
take  the  trouble  to  make  two  test  pieces  and  fiEtce  them  both  up 
in  the  middle,  when  you  get  exactly  the  same  pull  by  having  one 
test  piece  going  the  whole  length  and  merely  pulling  it  off  from 
contact  against  the  yoke  ?  I  did  not  adopt  this  construction 
(which  has  been  criticised  by  Professor  Ewing),  having  a  contact 
sm&ce  at  the  end  of  the  test  piece  instead  of  between  the  two 
test  pieces,  without  investigating  the  matter  to  see  whether  it  did 
really  make  much  difference.  Take  the  two  test  pieces,  and 
make  one  stick  up  against  the  yoke  at  one  end,  and  the  other 
against  the  second  test  piece  right  in  the  middle  of  the  coil. 
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Then  tug  at  the  second  test  piece :  sometimes  the  iron  will  part 
in  the  middle  between  the  two  test  pieces,  and  sometimes  at  the 
other  end  between  the  further  test  piece  and  the  yoke.  You 
never  can  tell  which  will  happen,  so  that  there  is  not  much 
difference  between  the  two  attractions,  the  overcoming  of  which 
measures  the  square  of  the  number  of  magnetic  lines  per  square 
centimetre.  Consequently  the  simpler  method  which  I  finally 
adopted  is  quite  adequate  for  its  purpose* 

I  congratulate  Mr.  Kapp  on  having  given  us  such  an  excellent 
instrument  for  measuring  the  magnetic  properties  of  sheet  iron. 
It  is  a  pity,  perhaps,  one  has  to  cut  the  sheets  up  into  strips  in 
order  to  do  this,  but  it  does  not  waste  very  much  iron.  And  here, 
again,  I  would  ask  Mr.  Kapp  to  take  my  criticism  kindly,  if  I 
venture  to  say  that  the  same  criticism  might  be  passed  on  this 
instrument — ^that  the  other  piece  of  iron  which  is  not  under  test, 
having  about  the  same  cross  section  as  the  piece  of  iron  which  is, 
the  corrections  that  have  to  be  applied,  or  the  allowance  that  has 
to  be  made  for  the  ampere-turns  necessary  to  magnetise  the  rest 
of  the  circuit,  is  a  quantity  of  the  same  order  as  the  ampere-turns 
required  to  magnetise  the  test  piece  itself.  If  the  cross  section 
of  the  other  part  could  be  enlarged  very  much  indeed,  I  think  it 
would  simplify  matters,  especially  as  the  hysteresis  question 
comes  in  to  complicate  calculation.  The  two  curves  for  the  two 
kinds  of  iron  used  cannot  possibly  be  the  same,  and  at  high 
inductions  may  be  very  different  indeed,  so  that  corrections  to  be 
made  for  magnetisation  at  one  stage  of  saturation,  will  not  be  the 
same  as  the  corrections  made  for  magnetisation  at  another  stage 
of  saturation.  Whereas,  if  the  other  iron  than  that  imder  test 
were  made  of  very  large  cross  section,  so  that  it  never  came  very 
near  saturation,  any  correction  made  in  it  would  be  much  more 
likely  to  be  the  true  one  for  all  degrees  of  saturation.  Xow  let 
me  add  another  thing :  it  is  a  most  interesting  point,  one  on 
which  at  present  I  am  engaged  in  a  research,  which  I  had  meant 
to  publish  later  on.  Its  bearing  on  the  design  of  permeameters 
is  obvious.  It  is  on  the  behaviour  of  masses  of  iron  such  as  are 
used  in  the  first  instrument  here,  and  in  my  permeameter,  for  the 
purpose  of  serving  as  yokes  in  an  instrument  having  no  magnetic 
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resistance.    I  have  arrived  at  the  most  interestinfi^  point  of  view  Profeseor 

*='  ^  Tboinpsen. 

that  a  large  sheet  of  iron — so  large  as  to  act  practically  as  an 
infinite  sheet — so  large,  say,  as  5  or  6  feet  in  each  direction — 
acts  towards  all  things  that  may  be  placed  in  front  of  it  as  a 
magnetic  mirror,  giving,  however,  negative  images  only,  not 
positive.  I  had  better  explain  by  a  rough  sketch  what  I  mean. 
Suppose  there  to  be  a  large  sheet  of  good  soft  iron.  Then  let 
there  be  placed  anywhere  against  the  side  of  it  a  hollow  bobbin 
with  wires  wound  upon  it.  Suppose  a  current  circulating  round 
that  ooil,  producing  a  certain  magnetising  effect.  If  no  sheet 
iron  were  there,  the  magnetising  forces  all  round  this  coil, 
through  the  interior  of  it,  and  outside  will  have  certain  values. 
Now  put  the  sheet  of  iron  there,  and  you  will  find  that  the 
effect  of  having  that  large  sheet  of  iron  there  is  precisely  the 
same  as  though  the  sheet  of  iron  were  absent  and  the  coil  were 
continued  behind  to  double  the  length — ^that  is  to  say,  as  though 
the  coil  and  its  ''  image  "  were  both  at  work.  A  little  exploring 
coil,  for  instance,  placed  hard  up  against  the  iron  will  show  that 
the  effect  of  the  iron  is  simply  to  double  the  action  of  the 
magetising  coil.  Take  away  the  iron  and  the  effect  &lls  to 
one  half.  Put  the  second  coil  there  with  an  equal  number 
of  ampere-turns  flowing  round  it,  and  it  acts  precisely  as  the 
'^  image "  of  the  first  coil  had  done,  and  not  only  when  they 
are  hard  up  against  the  iron,  but  in  various  other  positions. 
The  sheet  of  iron  must  not  be  very  thin ;  it  must  be  thick 
enough.  Suppose  we  have  the  sheet  of  iron  at  one  end  of  the 
coil,  and  we  place  a  second  sheet  on  the  other  end  of  the  coil. 

We  get  the  same  problem,  optically,  as  if  we  put  a  candle 
between  two  mirrors.  In  the  optical  case  we  get  an  endless  row 
of  candles  in  both  directions,  and  here  we  get  an  endless  row  of 
coils  in  both  directions — ^that  is  to  say,  the  coil  becomes  endless ; 
in  &ct,  we  arrive  at  the  expression  that  the  ampere-turns  in  this 
coil,  multiplied  by  4  ^,  divided  by  10,  and  divided  by  the  length 
in  centimetres,  is  the  true  expression  for  the  intensity  of  the 
magnetic  force  along  the  axis  of  the  magnetising  coil,  as  it  is 
along  an  infinitely  long  solenoid.  This  mode  of  treating  perme- 
ameter  problems  might  be  continued  a  great  deal  further. 
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Pro(e«or  I  should  like  to  sneifest  to  Mr.  Kapp  whether  he  cannot 

Thompson.  °^  •  r  • 

suggest  some  way  of  getting  at  the  magnetic  properties  of  iron 
not  in  a  rod  or  in  a  sheet,  but  in  a  block — a  cubic  yard  of  iron,  for 
instance,  presenting  simply  a  flat  surfEu^.  It  ought  to  be  possible. 
I  am  going  to  make  a  suggestion  to  him  upon  it.  Let  there  be 
a  thin  strip  of  ebonite  (Fig.  2).  Drill  in  that  two  round  holes ; 
have  two  small  coils,  one  to  receive  the  cur- 
rent, the  other  to  give  current  to  galvanometer 
— ^a  sort  of  thin  transformer,  if  you  like,  with 
'^^'  ^*  the  coils  not  superposed.    Lay  these  on  the 

block  iron;  turn  on  the  magnetising  current.  The  number  of 
magnetic  lines  that  will  come  up  through  that  second  hole  from 
the  iron  will  depend  on  the  goodness  of  the  iron  below.  But 
unfortunaliely  we  have  to  consider  the  whole  magnetic  circuit, 
and  that  will  not  be  made  perfect  enough  without  having  another 
block  of  iron  placed  on  the  top  and  leaving  a  thin  layer  between. 
The  thickness  of  the  small  air  gap  depends  on  the  thickness  of 
ebonite  strip.  It  may  be  very  thin,  and  the  coils  very  large,  in 
order  that  we  may  get  rid  of  the  error  arising  from  the  air  gap. 
In  some  such  way  we  might  get  a  method  of  measuring  the  per- 
meability of  iron  in  the  mass. 
Mr. Steele.  Mr.  L.  J.  STEELE:  A  loug  series  of  tests  have  been  made 
under  my  charge  at  Messrs.  Johnson  &  Phillips's  works  on  the 
magnetic  properties  of  steel  and  iron  used  in  the  manu£EU)ture  of 
dynamos  and  transformers,  and  I  may  safely  say  that  the  results 
obtained  by  the  methods  and  instruments  described  by  Mr.  Kapp 
have  yielded  very  accurate  and  consistent  results ;  a  very  short 
time  being  required  for  making  the  tests. 

With  regard  to  the  permeameter,  just  one  caution  should  be 
taken  in  obtaining  material  for  making  a  sample  bar.  If  in  the 
case  of  cast  iron  or  cast  steel  a  small  bar  is  cast,  only  sufficiently 
large  for  turning  to  the  required  diameter,  the  results  obtained  on 
testing  the  sample  may  be  considerably  worse  than  the  results 
obtained  in  an  actual  test  of  the  dynamo.  This  is  due  to  the 
fact  that  the  skin  of  the  casting  has  not  been  all  turned  away. 
Therefore  it  is  necessary  to  obtain  a  sample  of  sufficient — of 
considerably  larger — diameter  than  that  eventually  required.   The 
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samples  themselves,  as  Mr.   Kapp  has  pointed  out,    must  be  h^.  st€eie. 

carefully  £etced  at  one  end.   This  takes  some  time,  and,  as  Professor 

Hughes  has  remarked,  an  error  may  be  made,  unless  this  sample 

bears  evenly  against  the  plunger,  and  is  placed  in  the  correct  posi- 

tion  every  time.     I  suggest  getting  over  this  diflBculty  by  using 

a  small  iron  cap  carefully  £EU)ed  at  the  end,  which  would  be  used 

for  every  test.    This  would  effect  a  considerable  saving  of  time  in 

having  to  fekce  up  every  sample,  and  the  results  would  be  more 

consistent ;  that  is  to  say,  the  same  &ce  would  be  used  for  every 

sample  tested.  Although  this  instrument  is  not  designed  for  receiving 

this  cap,  I  do  not  think  it  would  be  a  difficult  matter  to  adapt  it. 

The  testing  machine  for  transformer  plates  has  proved  of 

immense  value  in  testing  samples  of  sheet  iron  for  transformer 

purposes.    To  make  up  the  transformer  and  then  test  it  is  a  risky 

proceeding,  for  if  the  iron  turns  out  bad  the  transformer  may  be 

of   little    use    for   commercial   purposes.      A    sample    for   the 

machine    can    be    made  up,  the  plate  tested,  and  the  curve 

obtained  in  about  two  hours;  whereas,  if  the  transformer  were 

built,  it  would  take  a  much  longer  time.    The  three-voltmeter 

tests  were  first  used  for  measuring  the  losses  in  the  iron :  the 

tests  were  accurate  enough,  but  the  results  required  laborious 

working  out.      The  wattmeter  now  used  requires    much    less 

work,  and  yields  equally  accurate  results,  quite  consistent  with 

the  old  voltmeter  test.      The  &cility  in  making  these   tests 

has  already  helped  in  a  large  degree  to  reduce  the  losses  in  the 

transformers,  and    placed    the    makers  in  a  position  to    offer 

guarantees  of  efficiencies  which  are  quite  high  as  compared  with 

those  of  a  year  or  18  months  ago. 

Kapp  Transformebs. 
100  Frequency. 


Size. 

Percentage  lion  Loa. 

Fall-Load  Efficiency. 

3-kilAwatt 

6-kilowatt 

12-kilowatt 

20-kilowati 

1-74 
1-34 
1-13 
0-95 

96-4 
96-9 
97-25 
97*4 

VOL.  xxni. 
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Mr.  Steele.  The  list  before  you  gives  the  fall-load  efficiency  and  percentage 
iron  loss  for  four  standard  sizes.  You  see  the  iron  loss  in  a 
20-kilowatt  transformer  is  only  93  per  cent.,  and  the  full-load 
efficiency  is  97*4  per  cent.,  which  I  think  you  will  all  agree  is 
very  good.  The  leakage  in  the  high-pressure  coil  which  Mr. 
Kapp  has  referred  to  has  been  a  source  of  considerable  trouble. 
The  transformers  were  tested,  and  the  iron  proved  apparently 
bad ;  at  last  it  was  found,  through  an  actual  breakdown  in  one 
transformer,  that  the  great  loss  was  due  to  electrical  leakage,  and 
not  to  bad  iron.  This  can  be  prevented  by  carefully  baking'the 
transformer,  which  is  always  done  before  the  transformers  are 
sent  away  firom  the  works.  The  tests,  however,  cannot  be  made 
before  the  transformers  have  been  baked  for  several  days,  which 
is  most  effectively  done  by  sending  a  heavy  current  through  the 
windings,  thus  drying  the  transformer  in  a  quicker  time.  It 
may,  however,  be  most  inconvenient  to  wait  several  days  before 
the  transformer  is  ready,  and  for  this  reason  the  method  of  test- 
ing iron  in  the  instrument  possesses  a  great  advantage.  There 
may  be  a  fault  in  a  transformer  which  is  quite  local,  due  to  a 
short-circuit  or  partial  short-circuit  of  the  primary  or  secondary 
coils.  When  the  transformer  is  magnietised  the  open-circuit 
current  and  the  watts  will  be  abnormally  high.  It  is  difficult  in 
such  a  case  to  localise  the  &ult.  A  method  I  have  found  to 
answer  admirably  is  to  hold  a  small  rod  of  iron,  say  2  or  3  inches 
long,  loosely  in  one's  hand,  or  to  suspend  it  horizontally,  and  move 
it  in  the  direction  of  the  leakage  line  of  the  transformer.  If 
there  are  any  turns  short-circuited,  the  magnetic  leakage  pro- 
duced at  that  place  will  cause  this  piece  of  iron  to  suddenly  dip 
and  be  directed  towards  the  short-circuited  coils.  The  position 
of  the  &ult  is  then  localised,  but  the  difficulty  may  be  to  find 
whether  the  &ult  is  in  the  primary  or  the  secondary  coil.  In  a 
Kapp  transformer  the  coils  may  be  easily  slipped  off  and  an 
alternating  current  sent  through  each.  A  repetition  of  the  above 
experiment  will  at  once  show  clearly  where  the  &ult  eodsts. 

Apart  firom  the  use  of  such  instruments  to  manufacturers  of 
dynambs  and  transformers,  I  feel  sure  that  makers  and  suppliers 
of  iron  will  acknowledge  the  benefit  they  have  derived  from  the 
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numerous  tests  sent  to  them  of  their  samples,  whether  good  Mr.  stceie 
or  bad. 

Professor  J.  A.  Fleming  :  The  question  which  Mr.  Eapp  has  Professor 

fleming. 

brought  before  our  notice  is  one  that  none  of  us  can  deny  is  of 
exceedingly  great  importance.  It  is  of  importance  from  the 
point  of  view  of  the  manufacturer  of  transformers,  and  it  is  also 
important  from  the  point  of  view  of  those  whom  the  Acts  of 
Parliament  call  "undertakers,"  Mr.  Kapp  has  approached  the 
subject  chiefly  from  the  point  of  view  of  those  who  manufacture 
transformers ;  and  I  am  sure  we  are  only  too  happy  to  have  Mr. 
Kapp,  with  his  large  experience  in  the  manu&cture  of  trans^ 
formers,  bring  this  before  us,  because  he  has  succeeded  in 
producing  a  very  excellent  one.  I  am  not  sure  that  I  altogether 
Agree,  however,  with  some  of  Mr.  Kapp's  conclusions.  Before  one 
has  had  the  opportunity  of  working  with  a  machine  of  this  kind, 
and  actually  putting  its  results  in  comparison  with  results  in 
practice,  one  would  naturally  hesitate  very  much  indeed  to 
criticise,  and  I  should  therefore  prefer  to  put  the  few  remarks  I 
have  to  make  in  the  form  of  questions  rather  than  statements. 

Everyone  must  admit  that  of  course  what  we  desire  to  know 
about  a  transformer  is  the  performance  of  the  instrument  when 
complete;  and  that  merely  to  have  the  determination  of 
the  performance  of  a  part  of  it,  and  from  that  to  deduce 
the  whole,  is  not  necessarily  always  to  get  a  satisfieustory 
result.  I  am  not  sure  that  it  is  always  certain  that,  unless 
you  test  iron  in  the  form  in  which  it  is  going  to  be  actually  used, 
yon  are  able,  from  experiments  on  small  samples,  to  deduce  what 
is  the  total  loss  in  the  iron.  In  the  first  place,  although  laminat- 
ing the  iron  below  the  thickness  of  10  to  13  mils  certainly  does 
eliminate  the  eddy-currents  in  some  cases,  it  is  not  true  that 
there  are,  may  be,  no  eddy  losses  in  the  completed  transformer, 
because  the  form  which  the  transformer  may  have  may  be  such 
as  to  produce  eddy-currents  circulating  in  the  plane  of  the  strips. 
I  may  take,  as  an  instance,  one  which  would  be  an  extremely  bad 
transformer,  to  illustrate  my  point.  Imagine  a  strip  of  iron 
an  inch  or  two  wide,  wound  up  edgeways.  Put  on  a  couple 
of  coils,  primary  and  secondary.      Although  you  might  deduce 
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profewr     the   loss  at  T10  load  in   the   iron   under  those   conditions,  yet,. 

Fleming.  '   '' 

nevertheless,  when  you  worked  that  transformer  in  full  load 
you  would  have  considerable  magnetic  leakage,  and  you  would 
have  lines  of  induction  which  would  sweep  backwards  and 
forwards  through  the  iron  perpendicular  to  the  sheets ;  and  the 
moving  about  of  that  induction  would  create  eddy-currents  in  the 
plate,  however  thin  it  may  be.  It  is  not,  as  it  seems  to  me^ 
therefore,  necessarily  certain,  because  you  find  the  loss  in  a  small 
specimen  of  iron  made  up  in  a  particular  way,  that  you  can  deduce^ 
the  value  of  the  loss  when  made  up  into  a  particular  form  of 
transformer.  Then  there  is  the  additional  loss  which  may  ensue 
if  the  transformer  is  not  dry.  That  certainly  is  in  some  cases 
very  marked.  There  are  great  discrepancies  sometimes  between 
transformers  tested  at  different  times  and  different  places,  which 
can  be  accounted  for  by  the  assumption  that  the  transformers- 
have  been  tested  in  different  degrees  of  dryness.  This  loss  isy 
perhaps,  not  altogether  simple  loss  between  the  coils  due  to 
power  taken  up  in  evaporating  moisture  from  the  winding  or 
insulation,  but  may  be  due  to  the  increase  of  eddy-current  loss,  if 
the  paper  between  the  plates,  or  the  plates,  has  moisture  in  it. 
And  certainly  it  is  necessary,  in  making  practical  tests,  to  be  certain 
that  the  transformer  has  been  properly  dried ;  and  it  is  sometimes 
difficult  with  a  good  transformer  to  do  that  in  the  ordinary  way,, 
because  you  cannot,  without  a  very  large  expenditure  of  power,, 
and  working  it  for  some  time  at  full  load,  raise  the  transformer 
to  a  sufficiently  high  temperature  to  drive  out  this  moisture  from 
the  paper  or  insulation.  I  think  that  in  all  cases  the  cores  of 
transformers  ought  to  be  brought  to  a  fieiirly  high  temperature 
before  they  are  wound,  and  then,  of  course,  care  must  be  takeni 
that  they  are  not  in  any  way  spoilt  before  they  are  tested. 

Another  thing  which  is  also  important  to  bear  in  mind,  I 
think — although  one  must  hesitate  in  speaking  too  confidently 
of  it  at  the  present  time — is  that  the  loss  in  the  iron  seems  to- 
be  dependent  to  some  extent  upon  the  form  of  the  E.M.F.  curve. 
I  raised  the  question  recently  with  Mr.  Blathy  whether  certain 
tests  made  with  a  particular  transformer  in  two  places  which 
were  discordant  with  one  another  could  in  any  way  depend  upon 
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the  form  of  the  E.M.F.  curve.    Mr.  Blathy  told  me  he  had  tried  the  prbfesaor 

,  Fleming. 

experiment  of  taking  the  same  transformer  and  testing  it  upon  a 
machine  which  gave,  approximately,  a  true  sine  E.M.F.  curve, 
and  then  trying  it  upon  another  machine  in  which  it  was  known 
that  the  form  of  the  E.M.F.  curve  was  different  from  a  simple 
sine  curve,  and  the  result  was  that  the  transformer  tested  on  the 
simple  sine  curve  gave  a  much  higher  loss  than  the  other  case. 
That  shows  that  in  cases  where  one  has  to  specify  exactly  the 
losses  in  transformers  it  may  become  necessary  to  specify  exactly 
the  kind  of  machine  on  which  it  is  tested. 

But  although  I  think  Mr.  Kapp's  instrument  might  become 
useful,  one  would  like  an  opportunity  of  comparing  the  results  of 
testing  the  samples  of  iron  by  this  machine,  and  then  making  it 
up  into  a  transformer  and  letting  them  be  tested  again.  I  should 
like  to  ask  the  author,  in  his  reply,  if  he  could  tell  us  whether  he 
has  tested  a  sample  of  iron  by  this  machine  and  then  afterwards 
made  it  up  into  a  transformer  and  tested  it  again,  and  found  out 
if  the  results  given  really  correspond  with  the  results  of  the 
predetermination  of  the  iron.  But,  at  any  rate,  Mr.  Kapp  has 
certainly  moved  in  the  right  direction  in  turning  his  attention  to 
some  of  the  means  by  which  the  qualities  of  the  iron  can  be  pre- 
determined, and  in  which  the  expense  may  be  saved  by  making 
np  these  transformers  on  a  scale  of  12  inches  to  the  foot  before 
being  able  to  ascertain  what  it  is  that  the  iron  really  does  do. 

Mr.  C.  P.  Sparks  :  I  also  wish  to  ask  the  author  very  much  jj^  gj^^,^^ 
the  same  question  as  Dr.  Fleming  has  asked — that  is,  when  a 
test  is  made  on  a  small  bar,  as  in  the  apparatus  shown  in  Fig.  1, 
whether,  after  it  has  been  worked,  the  results  obtained  in  practice 
are  anything  like  the  results  obtained  during  the  experiment, 
because  it  has  to  go  through  the  operation  of  being  drawn  out, 
it  is  forged  to  a  greater  extent  than  an  ordinary  magnet  block, 
and  there  is  a  chance  of  it  being  better  annealed.  After  you 
have  worked  up  the  sample  it  has  to  be  turned  in  a  lathe, 
and  this  has  a  different  effect  on  the  material,  to  the  machining 
of  a  large  block.  Under  these  circumstances  one  would  imagine 
the  results  obtained  would  differ  in  the  experimental  bar 
from  those  obtained  when  the  iron  was  made  up  in  the  form 
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Mr.  Sparks,  of  a  dynamo  field.  With  reference  to  transformer  iron,  I 
have  made  a  great  many  experiments  on  samples:  the  chief 
difficulty  seems  to  be  the  great  variation  met  with  in  any  parcel 
of  sheets.  If  you  take  even  one  sheet  and  make  experiments  on 
smaller  quantities  than  the  author  has  shown,  there  seems  to  be 
an  enormous  difference  between  the  results  of  different  parts  of 
the  same  sheet.  Then,  again,  if  you  take  a  large  quantity — a 
number  of  tons — ^you  find  marked  differences  in  one  ton  over 
another ;  and,  further,  it  is  almost  impossible  to  get  two  batches 
of  iron  made  up  at  different  times  to  give  anything  like  corre- 
sponding results,  making  it  impossible  for  makers  of  transformers 
to  guarantee  efficiency  without  having  a  large  margin  in  hand. 
If  they  guarantee  down  to  the  last  limit,  they  are  very  often 
caught  within  one  or  two  per  cent.  I  should  like  to  know 
whether  the  results  the  author  has  obtained  on  small  samples 
agree  within  a  small  percentage  when  made  up  into  transformers. 
(Communicated.) — As  the  hysteresis  in  any  sample  tested 
depends  not  only  on  the  chemical  composition,  but  also  on  process^ 
of  manufacture  it  goes  through,  it  would  be  interesting  to  know 
if  the  author  has  made  any  tests  with  his  apparatus  to  see 
whether  change  takes  place  after  a  sample  has  been  subjected  to^ 
reversals  of  magnetism  in  the  same  manner  as  the  core  of 
a  transformer,  with  a  view  of  showing  whether  the  hjrsteresifr 
loss  in  a  transformer  core  is  likely  to  remain  constant,  or  whether 
it  increases  after  it  has  been  in  use  for  a  year  or  two. 

Professor  Profcssor  J.  Perry  :  At  the  beginning  of  this  discussion  I 

thought  I  had  something  to  say,  but  after  Professor  Hughes  and 
Dr.  Thompson  had  spoken  I  felt  I  had  very  little  to  say.  I 
should  like,  however,  to  suggest  to  Dr.  Fleming  that,  instead  of 
going  to  large  works  like  the  Elswick  Works  for  samples  of  pure 
iron,  as  he  wants  only  a  small  sample,  he  will  find  it  much 
better  to  apply  to  one  of  the  manufacturers  of  cast  steel  of 
Sheffield,  who  make  the  most  expensive  steel  firom  the  purest 
Swedish  charcoal  iron ;  otherwise  his  experiments  will  probably 
be  made,  not  on  pure  iron,  but  on  Siemens  steel,  which  is  now 
nearly  universally  sold  as  charcoal  iron.  Let  me  also  say  to  Dr. 
Fleming  and  Mr.  Kapp,  as  I  was  probably  the  first  to  speak  of  the 
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way  in  which  the  overtones  are  filtered  out  and  the  pure  sine  Profenor 

^  Perry. 

functional  current  is  produced,  that  when  I  made  the  explanation 
in  this  room  I  was  speaking  of  currents  passing  through  machines 
and  through  coils  with  self-induction  in  them,  when  you  certainly 
have  the  filtering-out  process ;  but  there  is  no  such  thing  in  a 
transformer.  The  secondary  current  firom  a  transformer  is 
almost  a  perfect  image  of  the  primary  current  with  the 
fundamental  and  overtones  in  exactly  the  same  proportions  as  in 
the  primary  current.  I  think  that  Dr.  Thompson's  suggestion  for 
measuring  the  magnetic  quality  of  iron  when  in  bulk  is  not  an 
altogether  good  one.  To  prove  this,  I  will  use  the  very  beautiful 
weapon  that  he  has  put  into  our  hands  this  very  night.  Here 
are  two  of  the  coils  he  spoke  of,  and  I  will  take  them  as  large  and 
thin  as  he  pleases.  Instead  of  his  two  iron  plates,  take  what  is 
much  more  perfect  for  his  theory — two  of  Mr.  Kapp's  blocks. 
Now  what  he  told  us  comes  simply  to  this — ^that  there  is  no 
magnetic  resistance  in  the  iron  blocks;  the  induction  there  is 
always  weak,  and,  however  great  may  be  your  ampere-turns,  you 
have  no  magnetic  resistance  in  the  iron,  or  sign  of  hysteresis.  In 
fBLctf  it  is  air  resistance  only  you  are  testing.  It  is  interesting  to 
know  from  Mr.  Steele  that  the  "  divining  rod  "  is  not  pure  quackery. 
His  bar  of  iron  is  the  first  really  authentic  divining  rod,  and  he 
uses  it  in  seeking  for  a  leak,  seeking  for  places  of  dampness  or 
wetness.  I  also  wanted  to  say  to  the  author  what  Dr.  Thompson 
has  already  said — that  the  idea  in  the  second,  or  hysteresis, 
instrument  of  having  a  great  permanent  mass  of  iron  of  small 
resistance,  just  as  in  the  first  instrument,  must  here  also  lead  to 
smaller  errors  of  measurement.  I  would  put  my  reason  in  the 
following  way : — ^Your  specimen  plates  being  of  smaller  section, 
and  the  permanent  part  of  your  instrument  of  very  much  larger 
section  [the  speaker  sketched  on  the  blackboard  the  permaaievU 
part,  shaped  like  an  incomplete  tra/nsformefTy  the  specirnen  com- 
pleting the  magnetic  cvrcfwiC\j  there  is  almost  no  hysteresis  loss  in 
the  permanent  part  as  compared  with  the  specimen.  This  must 
be  evident  when  we  recollect  that  hysteresis  loss  per  cubic 
centimetre  is  proportional  to  something  between  the  square 
and  the  l*6th  power  of  the  maximum  induction. 
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Only  one  word  with  regard  to  the  very  just  remark  made  by 
Professor  Hughes.  The  reason  why  bad  fitting  produces  such 
very  evil  results  may  not  be  known  to  everybody,  although  it  is 
probably  feiirly  well  known  to  those  who  have  made  steel  per- 
manent magnets.  If  you  want  great  lifting  power  in  a  permanent 
magnet,  all  you  have  to  do  is  to  have  your  areas  of  contact 
between  the  iron  armature  and  the  two  poles  very  small.  The 
lifting  power  is  nearly  inversely  proportional  to  the  area  of  each 
pole.  One  ought,  I  suppose,  to  assume  that  everybody  knows 
that  fACtj  but  only  this  very  day  I  found  that  two  of  my 
best  students  did  not  know  it.  The  point  is  this:  On  every 
square  centimetre  of  area  of  contact  the  actual  force  of  attraction 
is  proportional  to  the  square  of  the  induction.  So  that,  if  the 
same  total  induction  (or  even  not  quite  the  same)  passes  through 
a  smaller  area,  there  is  a  greater  intensity  of  induction;  and 
without  troubling  you  with  even  this  easy  kind  of  mathematics, 
I  think  it  must  be  evident  that  the  total  force  of  attraction  is 
increased.  In  connection  with  this,  I  may  mention  another 
interesting  matter,  ^me  of  you  may  have  been  astonished  at 
certain  results  of  mine,  published  some  years  ago,  of  the  per- 
manent magnetic  induction  that  could  exist  in  a  steel  magnet 
having  no  armature.  I  think  I  gave  results  something  like  three 
times  as  great  as  anybody  else  had  ever  obtained.  But  anybody 
who  has  gone  into  the  matter  must  see  that  you  can  get  an 
enormous  induction  if  you  properly  shape  your  magnet.  All  you 
have  to  do  is  to  have  a  magnet  of  very  small  carrying  power — 
that  is,  with  poles  of  great  area — for  here  your  magnetic  air 
resistance  is  always  small.  I  need  hardly  say  that  Messrs.  Johnson 
&  Phillips  are  not  likely  to  have  bad  fitting  between  two  pieces 
of  iron ;  but  if  you  have  sur£Etce»B  not  perfectly  flat,  you  have  small 
areas  of  contact  and  greater  forces. 

I  would  like  to  remind  Dr.  Thompson  that  it  was  Mr.  Bidwell 
who  first  measured  induction  by  drawing  asunder  two  pieces  of 
iron ;  that  is,  he  had  the  two  semicircular  halves  of  an  anchor 
ring,  with  a  coil  on  one  of  them,  and  he  dragged  one  from  the 
other.  To  bring  the  matter  to  Dr.  Thompson's  recollection,  I 
would  remind  him  of  the  interesting  discussion  that  occurred  at 
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the  Soyal  Society  between  Lord  Kayleigh  and   Lord    Kelvin  Professor 
AS  to  whether  the  method  was   correct   or   not,  and  what  the 
influence  of  the  coil  was. 

Mr.  W.  M.  MoRDEY  :  I  must  congratulate  the  author  on  the  Mr.  Moitiey. 
practical  form  of  his  instruments.  Of  the  two,  it  seems  probable 
that  the  bar  testing  instrument  will  be  most  generally  useful.  I 
should  like  to  see  some  of  the  results  obtained  with  it,  showing 
what  degree  of  accuracy  is  attainable — this  is  apparently  sufficient 
for  workshop  purposes.  If  so,  it  will  be  a  great  improvement  over 
ballistic  galvanometers  and  all  other  instrumental  methods,  which 
Are  out  of  place  in  workshops.  The  objection  to  traction  methods 
has  always  been  that  sur£Eice  contacts  have  varied.  If  this 
objection  does  not  hold  in  this  case,  I  for  one  will  be  very  glad 
to  follow  the  example  of  the  author  and  of  Professor  ITiompson, 
And  use  such  an  instrument;  it  is  the  very  simplest  form  of 
magnet  tester,  and  therefore  should  be  the  most  scientific. 

I  should  like  to  ask  the  author  whether  he  has  experimented 
with  this  apparatus  on  the  effect  of  time  in  changing  the  carry- 
ing power  of  the  bars.  Are  the  results  the  same  if  the  observa- 
tions are  taken  in  rapid  succession  as  when  taken  slowly?  I 
Alluded  to  this  point  in  a  discussion  here  some  time  ago,  and 
drew  attention  to  some  very  interesting  observations  by  Lord 
Elphinstone  and  Mr.  Vincent,  contained  in  a  Boyal  Society  paper 
read  in  1878,*  showing  that  an  enormous  increase  in  lifting 
power  could  be  got  by  very  slowly  increasing  the  weights  during 
a  number  of  hours.  By  taking  many  hours  over  an  experiment 
they  could  get  a  magnet  to  hold  ten  times  as  much  with  no  ex- 
citing current,  as  was  sufficient  to  break  the  keeper  away  if  they 
made  the  experiment  quickly  and  with  the  exciting  current  on. 
Of  course  we  have  now  a  great  deal  of  information  of  a  re- 
liable character,  by  Ewing  mainly,  on  retentiveness,  which  the 
Author  has  no  doubt  considered.  I  wish  him,  therefore,  to  tell  us 
what  precautions,  if  any,  are  required  to  be  observed  on  this 
Account  in  using  his  instrument. 

There  is  another  point  that  is  interesting  to  dynamo  builders, 

*  Journal  of  tht  Institution i  vol.  xxi.,  p.  738. 
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Mr.  Mordey.  and  that  is  the  unfortunate  fact  that  small  testing  bars  are  not 
always  true  samples  of  bulk.  One  often  finds  that  iron  di£fer8  a 
great  deal  in  the  same  forging.  I  heard  only  the  other  day  of  a 
curious  instance  of  this.  The  armature  of  a  drum  machine  was 
always  pulled  to  one  end,  and  there  was,  in  consequence,  heating 
of  one  of  the  bearings.  The  armature  was  central,  and  it  was 
level,  and  there  did  not  seem  to  be  any  reason  for  the  difficulty* 
Upon  investigation,  it  was  found  there  was  such  a  difference  in 
the  quality  of  the  iron  between  one  end  of  the  machine  and  the 
other  that  there  was  a  considerable  pull  exerted  in  one  direction. 

The  particular  part  of  the  author's  paper  that  I  am  most 
interested  in  is  that  dealing  with  transformer  iron,  and  I  quite 
agree  with  the  remark  which  has  fidlen  from  Dr.  Fleming,  that 
there  is  really  at  this  moment  in  connection  with  the  building  of 
electrical  apparatus  no  more  important  question  than  that  of 
getting  good  magnetic  iron.  We  are  all  interested  in  it.  Person- 
ally, in  connection  with  the  Brush  Company,  I  have  had  a  great 
deal  of  trouble  indeed  on  account  of  the  inability  of  iron  manu* 
fftcturers  to  supply  iron  of  anything  like  even  quality ;  and  the 
statement  which  the  author  has  made  that  iron  makers  are  now 
offering  iron  that  will  conform  to  definite  specification  as  to  watts 
per  lb.,  is  probably  the  result  of  the  efforts  made  by  me  on  behalf 
of  the  Brush  Company  to  obtain  iron  in  that  way.  As  a  matter 
of  fact,  we  now  order  and  obtain  all  our  iron  to  a  specification  of 
that  sort ;  and,  as  the  specification  is  public  property,  I  see  no 
reason  why  I  should  not  mention  the  terms  of  it.  The  standard 
magnetisation  is  taken  at  2,500  lines  per  square  centimetre— 
that  is,  16,125  lines  per  square  inch — and  the  loss  at  100  periods 
is  0*38  of  a  watt  per  lb.,  or  1'14  H.P.  per  ton.  Now  that  is 
a  standard  that  is  not  set  at  all  too  high  ;  that  is  to  say,  it  is 
usually  easily  worked  to.  Iron  is  obtained  having  a  loss  as  low  as 
0'25  to  0*28  of  a  watt  per  lb. ;  and,  on  the  other  hand,  it  varies  60 
per  cent,  above  the  standard — even  out  of  the  same  batch  of  iron* 
Now  that  is  often  a  very  awkward  circumstance  for  all  who  have 
to  use  it.  It  is  not  to  the  interest  of  any  one  firm,  or  of  any  one 
individual  in  particular,  to  keep  information  that  he  has  on 
this  subject  to  himself.    The  interests  of  all  of  us  are  identical 
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in    this    matter,    and    we    should    all    do    everjrthing    in    our  Mr.  Mordey. 

power  to  encourage  iron  makers  to  face  this  subject — it  is  a 

very  important  subject  indeed — ^and  to  endeavour  to  ascertain 

the  reasons  why  iron  sheets  of  good  quality  in  other  respects  vary 

so  enormously.    They  are  fiEtcing  it  after  a  &shion,  but  the  iron 

people  do  not  understand  electrical  and  magnetic  quantities  at 

all.    They  look  at  the  thing  as  a  kind  of  sacred  mystery,  and 

until  lately  they  would  shrug  their  shoulders  when  we  asked  them 

to  give  us  iron  of  any  definite  quality.    The  specification  that 

we  have  now  forced  on  the  trade  is  being  worked  to. 

As  to  the  effect  of  chemical  composition  on  magnetic  quality,  so 
far  as  my  experience  goes,  chemical  analysis  is  absolutely  no  guide 
whatever  to  the  quality  of  iron.  I  do  not  mean  to  say  that  you  will 
not  get  very  bad  results  from  very  impure  iron,  but  I  mean  that  you 
iQAy  get  very  pure  iron  indeed — iron  almost  exactly  the  same  in 
analysis — which  will  vary  60  or  70  per  cent,  in  the  hysteresis  loss. 
This  appears  to  indicate  that  the  question  is  a  physical  question — 
a  question  of  condition  rather  than  of  chemical  composition. 

The  author  has  done  us  a  service  by  bringing  his  apparatus 
before  us.  The  criticism  that  I  would  make  is  one  that  has 
already  been  made.  It  does  not  test  the  whole  transformer ;  there 
are  parts  of  the  apparatus — ^parts  of  the  iron  circuit — that  are 
always  in  use,  and  to  that  extent,  unless  those  parts  are  so  made 
that  the  effect  in  them  is  negligible,  I  think  the  apparatus 
can  be  improved;  and  it  may  be  improved  in  the  way  that 
the  author  has  himself  suggested  at  the  end  of  his  paper,  by 
always  testing  as  in  the  actual  transformers.  This  is  not  quite 
a  &ir  criticism,  for  his  object  was  specially  to  be  able  to  test  sheets 
in  their  simplest  form.  I  do  not  mean  to  say  that  it  is  necessary  to 
make  iron  up  into  actual  transformers,  but  that  samples  should  be 
tested  in  suitable  testing  coils.  That  gets  rid  of  the  difiiculty  of 
leakage  due  to  moisture  in  the  coils.  It  is  a  method  we  have 
used  for  some  years,  and  it  gives  us  no  trouble  at  all.  We  never 
consider  any  tests  of  really  final  value  unless  they  are  made 
actually  out  of  the  stampings  from  which  transformers  have  to  be 
made.  This  is  not  a  very  great  objection,  as  the  makers  always 
have  means  for  producing  stampings  of  various  shapes  and  sizes. 
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The  importance  of  testing  transformer  iron  can  be  realised,  I 
think,  pretty  clearly  when  one  considers  the  value  of  the  power 
that  is  wasted  in  transformers.  The  value  of  the  wasted  power 
may  be  taken  in  this  way — it  is  a  figure  that  is  easy  to  remember : 
If  you  take  power  at  Id.  per  H.P.  per  ho\ir — I  do  not  mean  to  say 
that  is  a  figure  which  everybody  will  accept,  but  it  is  a  figure 
easily  carried  in  one's  head — ^then  a  watt  continuously  expended 
costs  you  Is.  a  year.  At  one  penny  for  one  H.P.-hour,  one  watt 
for  one  year  costs  one  shilling.  You  see,  therefore,  that,  as  one 
watt  is  only  1-7  46th  of  a  H.P.,  it  becomes  very  important  indeed 
to  be  as  economical  as  you  possibly  can  with  regard  to  the  loss  in 
transformers. 

I  think  that  the  engineers  of  central  stations  are  beginning  to 
appreciate  that  it  is  true  economy  to  pay  highly  for  their 
transformers — ^that  is  to  say,  to  get  the  very  best  transformers 
that  can  be  obtained. 

Another  point :  I  would  like  to  know  what  arrangement  is  made 
in  connection  with  this  apparatus — and  I  would  ask  the  author  to 
supply  the  information — for  showing  how  the  power-factor  varies 
in  different  samples.  It  is  an  extremely  curious  thing  the  variation 
of  the  power-factor  in  connection  with  iron  under  alternating 
currents.  It  may  vary  all  the  way  firom  0*6  to  0*9,  while  the 
hysteresis  may  be  practically  the  same.  The  power-factor  may 
vary  very  considerably,  but  as  a  rule  it  does  not  vary  more  than 
firom  0*75  to  0*85 ;  but  it  may  vary  through  the  limits  I  have 
mentioned,  and  that  means  that  any  test  taken  only  of  current 
is  valueless.  Transformers  must  be  tested,  therefore,  with  a 
wattmeter.  It  is  extremely  interesting  to  endeavour  to  find  what 
is  the  reason  of  this  variation  in  the  power-fector  of  transformers 
at  no  load.  As  for  as  I  know,  there  is  no  information  at  all  at 
our  service  on  that  point.  At  one  time  I  thought  that  it  had  to 
do  with  the  electrical  resistance  of  the  iron,  but  fi-om  some 
tests  I  do  not  find  any  connection  there.  It  is  a  very 
curious  fact,  and  it  is  an  important  one.  It  affects  the  cen- 
tral station  engineers  to  a  certain  extent  in  the  outgoing 
current  in  the  daytime :  the  current  may  vary  while  the 
power    may   not  vary.      And,   of   course,   the   output    of   any 
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given  plant  depends  almost  entirely  npon  the  current  that  is  Mr.  Hordes. 

drawn  from  it.    These  are  points  of  detail,  and  I  would  like 

the  author  to  tell  us  in  his  reply  how  he  has  dealt  with  them 

in  the  apparatus  before  us.     I  am  rather  surprised  to  hear  that 

he  finds  very  little  difficulty  with  the  contacts  in  these  testing 

apparatus.    I  find  a  great  deal  of  difficulty  with  the  contacts ;  and 

in  the  ^specification  to  which  I  alluded  just  now  we  make  it  a 

rule  to  make  that  specification  apply  to  the  particular  form  in 

which  we  use  the  iron.    We  take  no  note  of  anything  else.     I 

do  not  mean,  of  course,  that  the  loss  for  the  same  magnetisation 

is  not  constant  for  the  same  quality  of  iron ;  but  as  the  iron  has 

to  be  used  in  certain  transformers  of  certain  types,  therefore  the 

test  is  made  applicable  to  that  type  of  stamping. 

Mr.  H.  Bavenshaw  :  I  consider  the  importance  of  testing  Mr. 

Ravenshaw 

armature  iron  is  as  great  as  that  of  testing  transformer  iron. 
The  losses  are  larger  in  proportion  in  large  dynamos  than  in  small 
ones.  Iron  varies  very  much  indeed,  and  it  is  necessary  to  test 
the  iron  used  as  frequently  as  possible.  The  difficulty  is  to  get 
it  done  rapidly;  a  simple  fon!n  of  apparatus  like  that  of  Mr.  Kapp 
is  of  the  greatest  value  for  the  purpose.  A  case  lately  came 
under  my  notice  where  the  hysteresis  losses  in  iron  were  exactly 
twice  in  bulk  what  they  were  in  the  samples. 

The  President  :  I  wish  to  make  a  few  remeurks  now,  so  as  to  The 
give  the  author  the  opportunity  of  answering.  I  will  be  very 
brief,  as  the  hour  is  already  so  late.  The  author  says  in  his 
paper  that  the  method  devised  by  Dr.  Hopkinson  and  Professor 
Ewing  ^  gives  the  most  accurate  results ;  but  the  very  perfection 
*^  of  these  methods  forms  a  drawback  to  their  adoption  in  engineer- 
*'  ing  works,  where  highly  trained  experimenters  cannot  be  found." 
Then  in  another  place  in  his  paper  he  says,  ^^  The  sample  consists 
<<  of  a  bar  accurately  turned,  and  &ced  at  the  lower  end." 

From  the  remarks  of  Professor  Hughes  and  Mr.  Mordey  you 
have  already  learned  that  really  the  author,  by  his  method,  simply 
changes  the  nature  of  the  difficulty  from  an  electrical  to  a 
mechanical  one ;  because  the  production  of  these  beautifully 
turned  bars,  although  possible,  takes  a  long  time,  and  requires  a 
good  deal  of  mechanical  skill. 
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Now  I  just  want  to  show  you  the  way  in  which  the  magnetic 
qualities  of  iron  are  tested  at  Woolwich,  and  you  will  at  once  see 
that  it  is  a  very  much  simpler  and  a  very  much  safer  method. 
It  is  based  upon  Professor  Swing's  experiments,  and  the  apparatus 
consists  of  a  solenoid  formed  by  a  coil  wound  on  a  split  brass  tube 
about  3  feet  long  and  about  |  inch  in  diameter.  The  solenoid  is 
joined  up  in  circuit  with  a  specially  constructed  rheostat,  by 
means  of  which  the  resistance  can  be  varied  by  small  abrupt  steps 
of  unit  difference  in  power,  and  with  a  battery  which  gives  about 
10  volts;  a  double  current  key  is  also  inserted  for  reversals. 
Surrounding  the  centre  of  the  solenoid  there  is  an  exploring  coil 
of  any  requisite  number  of  turns  suitable  to  give  a  convenient 
deflection  on  the  ballistic  galvanometer  in  circuit  with  it.  It 
may  be  here  remarked  that  for  test  pieces  of  small  diameter  an 
ordinary  damped  galvanometer  suffices,  and  a  ballistic  needle 
may  be  dispensed  with.  The  calibration  of  the  galvanometer  is 
effected  in  the  usual  way  by  discharging  through  it  a  condenser 
of  known  capacity,  charged  to  a  known  potential. 

For  testing  permeability,  the  test  pieces  cut  from  the  iron 
are  made  of  such  length  that  the  correction  due  to  their  ends 
may  be  negligible ;  but  for  determinations  of  hysteresis  the  test 
pieces  may  be  much  shorter,  the  length  being  not  more  than 
from  60  to  100  times  the  diameter,  without  making  any  appre- 
ciable difference  in  the  area  of  the  cycle,  though  there  will  be 
a  difference  in  the  magnetising  current  required. 

The  comparison  of  the  iron  is  effected  by  calculating,  by 
analytical  methods,  the  areas  of  the  hysteresis  lozenges  for 
the  several  sorts.  The  iron  test  piece  is  placed  inside  the 
solenoid,  and  the  current  sent  through  the  latter  is  varied  by 
the  help  of  the  rheostat,  as  previously  explained ;  the  kicks 
which  the  galvanometer  needle  gives  each  time  the  resistance 
is  altered  are  then  plotted  down. 

Now  you  see  there  is  no  fitting  in  this  whatever,  and  there 
is  a  very  curious  thing — viz.,  that  if  you  take  a  piece  of  iron 
which  is  only  half  the  length,  and  complete  the  hysteresis 
curve,  you  will  get  a  lozenge  which  is  tilted  over  with  reference 
to  the  axes  of  co-ordinates,  but  you  will  find  that  the  area  of 
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this  latter  hysteresis  curve  is  exactly  the  same  as  the  area  of  the  The 

PveflideDt. 

former  one  obtained  with  the  longer  test  piece,  provided  they 
are  both  taken  from  the  same  piece  of  iron.  It  is  therefore 
unnecessary  to  work  our  samples  accurately  to  the  same  size 
when  we  want  to  compare  them  ;  we  have  only  to  cut  the  piece 
of  iron  off  the  block  which  we  want  to  test,  put  it  into  the 
solenoid,  and  take  a  set  of  readings — which  one  man  can  do  in  a 
quarter  of  an  hour — ^and  we  know  exactly  what  quality  of  iron 
we  have  before  us. 

I  may  mention  incidentally  that  in  the  hundreds  of  com- 
parisons of  test  pieces  which  have  been  made  at  Woolwich,  we 
have  found  that  Steinmetz*s  law  of  the  l'6th  power  is  prac- 
tically correct. 

Mr.  Gr.  Kapp,  in  reply :  Professor  Hughes  has  really  sounded  Mr.  Kapp. 
the  key-note  of  the  only  important  objection  to  this  instrument, 
and  that  is,  the  difficulty  of  getting  a  true  surface,  sp  that  you 
can  rely  upon  its  contact.  I  need  not  deal  with  all  the  little 
details  of  the  instrument,  but  I  may  say  that  the  design  is  the 
outcome  of  a  prolonged  study,  and  has  grown  out  of  trying  to 
overcome  one  difficulty  after  another.  To  ensure  good  contact, 
the  instrument  is  designed  so  that  the  sample  is  automatically 
centred.  That  is  the  object  of  the  ferrule.  Further,  to  test 
the  contact,  all  you  need  to  do  is  to  put  a  little  red  lead  on 
the  end  fiuje,  put  the  sample  in,  bring  up  the  plunger,  and  turn 
it.  Then  you  take  the  sample  out  and  see  whether  the  surface  is 
equally  covered  with  red  lead.  Any  fitter  knows  how  to  make 
this  test.  It  is  thus  perfectly  easy  to  get  the  surfieu^  practically 
true.  Moreover,  you  must  not  forget  that  this  instrument  is  not 
intended  for  testing  inductions  of  2,000  or  3,000,  where  a 
reduction  of  surSace  would  introduce  a  serious  error;  it  is 
intended  for  testing  inductions  above  10,000,  and  then  it  matters 
less  if  the  sur&ces  should  not  lie  on  quite  flat.  I  have  purposely 
spoiled  a  sample  in  order  to  test  that  point.  I  have  taken  one 
of  the  samples  which  has  gone  through  the  instrument,  and, 
after  filing  a  small  piece  off  the  edge,  tested  it  again.  The 
result  was  what  one  would  expect — namely,  that  for  low 
magnetising  forces  the  induction  came  out  too  high ;   but  the 
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error  would  become  less  as  the  magnetising  force  was  increased^ 
and  vanish  almost  completely  in  the  region  which  is  most  impor- 
tant for  practical  purposes.  At  high  inductions  the  magnetic 
resistance  of  the  sample  is  so  great,  as  compared  with  any 
possible  air  resistance  due  to  imperfect  contact,  that  the  latter 
can  have  but  an  infinitesimal  efiFect  on  the  correctness  of  the 
result.  I  admit  the  existence  of  the  difficulty,  but  I  claim  that 
it  has  been  nearly  overcome  over  the  whole  range  of  the  instru- 
ment, and  completely  overcome  within  the  range  for  which  the 
instrument  is  of  most  practical  value. 

I  was  a  little  disappointed  when  Professor  Silvnnus  Thomp  on 
left  ofif  at  what  was  to  me  the  most  interesting  point  of  his 
remarks,  viz.,  when  he  said  that  he  had  succeeded  in  making  the 
corrections  in  his  permeameter  smaller  than  in  mine.  It  would 
have  been  interesting  to  learn  by  what  means  he  accomplished 
this  result,  and  I  hope  he  will  publish  a  working  drawing  of  his 
instrument  in  the  Proceedings.  In  his  old  permeameter  he  had 
a  bar  which  was  suspended  from  a  spring  balance  and  dipped 
down  into  a  sort  of  electro-magnetic  well.  The  contact  at  the 
bottom  was  made  in  a  more  or  less  uncertain  way,  and  the  pulling 
up  of  the  sample  by  a  spring  balance  must  also  have  been  a  some- 
what haphazard  way  of  measuring. 

Professor  Thompson:  Horizontally. 

Mr.  ICapp  :  That  is  a  new  development.  But  the  difficulty  is 
this :  The  sample  must  make  fairly  good  contact  where  it  goes 
through  the  top  yoke.  If  the  sample  at  that  spot  is  not  centrally 
guided  the  air  resistance  will  vary,  and  the  mechanical  friction 
will  also  be  a  variable,  and  may  be  a  large,  quantity.  The  very 
object  of  reversing  the  process — ^that  is,  pulling  away  the  plunger^ 
and  not  the  sample  itself — was  to  be  able  to  get  the  sample  tight 
and  in  good  contact  with  the  top  yoke,  and  to  transfer  all  correc- 
tions to  one  piece,  which  is  the  same  in  every  experiment. 

As  regards  Professor  Thompson's  remarks  on  the  plate-testing 
machine,  I  feel  sure  that  on  further  consideration  he  will  find 
that  the  improvement  suggested  by  him  cannot  be  carried  out 
without  introducing  a  very  large  source  of  error.  The  suggestion 
was  to. make  the  bottom  yoke  very  large,  so  as  to  keep  the  indue- 
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tion  in  it  under  all  circumstances  extremely  small.  I  started  Mr.  Kapp. 
with  the  same  idea,  but  had  to  abandon  it,  for  various  reasons. 
It  would  take  me  too  long  to  give  all  these,  but  I  may  briefly 
mention  the  most  important  of  them.  It  is,  of  course,  essential  that 
there  should  be  a  definite  quantity  of  iron  under  test.  Unless  you 
know  the  quantity  you  are  testing,  you  will  have  no  means  of 
referring  the  loss  to  unit  weight.  We  must  therefore  have  a 
definite  length  of  sample  under  the  influence  of  a  definite  induc- 
tion. If,  however,  the  width  of  the  yoke  is  very  large  in  com- 
parison with  the  length  of  the  sample,  that  part  of  the  sample 
which  really  receives  the  full  induction  becomes  an  indefinite 
quantity,  and  we  are  thus  left  in  doubt  as  to  how  much  of  the 
sample  we  are  really  testing.  Thus  you  see  that  Professor 
Thompson's  remedy  is  worse  than  the  evil  it  is  intended  to  cure. 

Professor  Perry  also  suggested  a  very  large  yoke;  and, 
although  under  his  arrangement  the  whole  of  the  sample  would 
be  actually  under  test,  there  would  be  another  ol:]gection,  which 
also  applies  to  Professor  Thompson's  suggestion.  This  is  the 
imcertainty  as  to  the  distribution  of  the  density  of  flux  within 
the  yoke,  owing  to  the  great  difference  in  the  length  of  the  path 
in  various  parts  of  the  yoke. 

These  suggestions  which  occur  to  one  at  the  spur  of  the 
moment  may  be  very  nice  on  paper,  but  when  you  come  to  work 
them  out  you  find  they  are  wrong. 

Professor  Perrt  :  I  should  like  Mr.  Kapp  in  the  reprint  to 
carefully  consider  that  last  remark  of  his. 

Professor  Thompson  :  Make  the  whole  thing  ten  times  as  long. 

Mr.  Kapp  :  What  about  the  cost  ?  The  sample  would  then 
have  to  be  some  10  ft.  long,  and  iron  makers  would  hesitate  to 
supply  test  pieces  of  that  length. 

Mr.  Steele's  suggestion  is  an  excellent  one,  and  can  easily  be 
adopted  in  such  a  testing  machine  as  I  have  brought  before  you. 

Professor  Fleming  has  touched  upon  a  very  important  matter, 
namely,  the  difference  in  the  results  obtained  when  the  same  iron  is 
tested  separately  and  in  a  transformer.  I  have  hitherto  ascribed 
this  difference  to  electrical  leakage,  and  there  is  no  doubt  that  a 
great  part  of  it  can  be  so  accounted  for,  but  not  all.  Certain 
VOL.  xxm.  16 
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Hr.  KApp.  transformers  were  laid  aside  to  be  used  in  testing,  and  they  would 
keep  on  getting  better  and  better,  but  they  never  got  as  good  as 
the  sample  of  iron  tested  in  the  machine.  The  difference  is  >  very 
small,  but  is  still  perceptible.  It  cannot  be  due  to  Foucault 
currents,  so  &r  as  they  may  be  supposed  to  vary  with  the  width 
of  the  plates,  because  it  is  equally  present  in  small  and  large 
transformers.  Neither  is  it  due  to  the  bolts  which  hold  the  plates 
together,  for  on  removing  the  bolts  the  iron  loss  was  not  altered. 
There  must  be  something  else  to  account  for  the  small  difference, 
but  what  it  is  I  cannot  tell. 

Mr.  Sparks  alluded  to  the  variation  in  the  quality  of  the 
iron  near  the  edge  and  centre  of  a  plate.  In  making  up  a  sample 
the  whole  plate  is  used,  and  thus  one  gets  a  fair  average  result. 
As  regards  his  question  on  the  influence  of  annealing  sample  bars, 
I  have  tested  them  before  and  after  annealing,  and  found  that, 
although  iron  was  improved  by  annealing,  no  decided  improvement 
could  be  detected  in  steel. 

Mr.  Mordey  has  asked  about  the  influence  of  time.  On  this 
point  I  am  not  able  to  give  any  information.  In  using  the 
instrument  I  try,  of  course,  to  get  the  results  as  quickly  as 
possible,  and  to  get  them  under  conditions  as  nearly  as  possible 
the  same  as  when  the  material  is  used  for  dynamo  magnets.  In 
feet,  the  instrument  is  designed  with  a  view  to  imitate  to  a  certain 
extent  the  treatment  the  field  magnet  gets  when  the  dynamo  is 
at  work.  We  have  then  slight  vibrations  of  a  mechanical  nature, 
and  a  kind  of  magnetic  plucking  at  the  field  lines  due  to  the 
anniture  current.  In  the  testing  machine  we  have  also  the 
plucking  when  the  plunger  comes  off,  and  the  mechanical  vibra- 
tions on  its  being  arrested  by  the  stop. 

It  is  interesting  to  find  that  Mr.  Mordey's  condition  which  he 
imposes  on  iron-makers  tallies  so  well  with  my  average  curve. 
In  it  we  have  for  the  induction  of  2,500  about  0*35  watt  per  pound 
of  iron,  whilst  Mr.  Mordey's  figure  is  0*38.  We  have  been  work- 
ing entirely  independently,  and  have,  nevertheless,  arrived  at  very 
much  the  same  result. 

Mr.  Ravenshaw  alluded  to  the  iron  loss  in  armatures.  Owing 
to  the  greater  thickness  of  armature  plates,  eddy-currents  are 
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of  relatively  greater  importance ;  and  to  make  tests  on  the  iron  Mr.  Kapp. 
intended  for  armature  plates,  it  would  be  necessary  to  work  the 
instrument  at  about  the  frequency  corresponding  to  that  of  a 
dyneono.  It  is,  of  course,  also  possible  to  separate  hysteresis 
and  Foucault  losses  by  testing  the  same  sample  at  two  different 
frequencies. 

The  President  has  referred  to  the  difficulty  of  fieudng,  and 
described  a  method  of  testing  used  by  his  firm.  The  illustra- 
tion he  gave  of  the  two  ciures  tends  to  make  me  doubt  that 
his  method  is  reliable.  Surely  a  magnetisation  curve  (relation 
of  H  and  B)  depends  only  on  the  quality  of  the  iron,  but  not 
on  the  dimensions  of  the  sample  tested ;  and  if  his  method  gives 
different  curves  according  to  the  length  of  the  sample,  it  is 
not  a  true  magnetisation  curve  as  commonly  understood. 

The  President  :  I  will  now  ask  you  to  give  a  very  hearty  vote 
of  thanks  to  Mr.  £[app  for  his  very  interesting  paper. 

The  vote  was  carried  by  acclamation. 

The  President:  I  have  to  announce  that  the  scrutineers 
report  the  following  candidates  to  have  been  duly  elected : — 

Foreign  Member: 
KnM  Bryn. 

MeTnbers : 
Benjamin  Walter  Deakin.         |      George  William  Lowcock. 

Aesociatea : 


Henry  Abrahams. 
Edward  Neville  Bray. 
Alfred  CoUyer. 
Thomas  W.  Ellison. 
William  Eversley  Hardy. 
George  William  Hodder. 
Charles    Henry    Blackwood 

Longworth. 
Charles  Picton  Martin. 
John  Willoughby  Meares. 
John  William  Morris. 


John  Walker  Parr. 
Evan  Parry. 
Gerard  S.  Peck. 
Frank  Henry  Pitcher. 
H.  B.  Price. 

Alexander  Brodribb  Randall. 
William  Seymour. 
Hilliard  S.  Stephens. 
James  Roberts  Sykes,  jun. 
Lieut.    Oswald    T.    0.    K. 
Webber,  R.E. 


Gilbert  Winslow,  B.A. 
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Students ; 


Henry  Charles  Ashton. 
Charles   Frederick    Haswell 

Bayly. 
Ernest  E.  Benham. 
Leonard  Harry  Combe. 
Kenelm  Edgcumbe. 
Herbert  Tyndale  Haws. 
C.  F.  Hesketh. 


Leonard  Johnstone. 

Gustave  Lemmens. 

G.  P.  Eoy. 

Percy  S.  Sheardown. 

R.  VaUe. 

Harman  Wigan. 

J.  G.  Wilson,  B.A. 

Thomas  Parry  Osborne  Yale. 


The  meeting  then  adjourned. 
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J.  DB&T  and  L.  WSX88BNB&UCK--BLECTRIC  TRAIN-LIGHTING. 
(Bulletin  de  la  SocUU  Beige,  Vol  10,  No.  6,  p.  2ia) 

The  authors  class  the  different  systems  of  train-lip^hting  as  follows : — 

1.  With  primary  batteries. 

2.  With  secondary  batteries  alone. 

3.  With  accomnlators  and  dynamos  run  from  the  axle  of  a  carriage. 

4.  With  accnmolators  and  dynamo  driven  by  a  steam  engine. 

5.  With  dynamo  alone  driven  by  a  steam  engine. 

Primary  batteries  are  no  longer  nsed  for  the  purpose  in  question.  There  is 
no  train-lighting  in  Europe  successfully  worked  by  the  use  of  accumulators  alone, 
or  which  has  passed  the  experimental  stage.  The  most  common  system  in 
England  is  the  use  of  accumulators  in  conjunction  with  a  dynamo  driven  from 
the  axle  of  a  carriage.  The  Midland  Railway  has  also  tried  placing  the  dynamo 
on  the  tender  and  driving  it  from  the  locomotive  itself. 

The  practice  of  employing  accumulators  charged  during  motion  of  the  train 
by  a  dynamo  driven  from  an  engine  is  the  most  common  in  America,  although 
(he  Pennsylvania  Railroad  uses  accumulators  alone ;  and  the  Chicago,  Milwaukee, 
and  St.  Paul  Railway  uses  an  installation  independent  of  any  secondary  battery, 
which  can,  if  necessary,  dispense  with  steam  power  from  the  locomotive.  This 
last  system  is  also  in  use  on  some  of  the  Cape  State  railways.  The  difference 
in  the  systems  is  no  doubt  due  to  the  varying  conditions  of  the  places  in  which 
they  are  employed. 

The  illumination  of  the  carriages  in  different  countries  is  a  point  worthy 
of  note. 

The  best  colxa  lamps,  such  as  are  employed  on  the  Northern  railways  In 
France,  have  only  an  intensity  of  7  or  8  candles.  Under  the  beet  conditions,  the 
Pinttch  gas-lamp  is  equivalent  to  only  10  candles.  It  has  been  the  European 
practice  to  use  at  the  most  one  10-candle-power  lamp  in  a  first  class  carriage  with 
six  or  eight  seats.  On  the  Midland  Railway  two  8-candle-power  lamps  are  used 
in  every  compartment 

The  following  table  gives  a  comparison  between  the  different  modes  of 
lighting  in  America,  with  analogous  particulars  for  La  Compagnie  des  Wagons- 
lits  in  France.  The  American  figures  are  obtained  from  Mr.  George  Gibbs,  of  the 
Milwaukee  and  St  Paul  Railway. 
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M.   raZEO— METHOD    OF   OBTAINING   TUNGSTEN    BY 

ELECTRICITY. 

(La  Lwniire  Electrique,   Vol,  51,  No,  4,  p,  177.) 

The  process  consists  in  pulverising  the  tungsten  ore  and  mixing  it  with 
carbon  and  tar  to  form  a  paste.     When  placed  in  an  arc  with  hollow  carbons 
through  which  passes  chlorine,  the  paste  will  yield  chlorate  of  tungsten,  from 
which  tungstic  acid  can  be  made.     This  mixed  with  carbon  will  yield  tungsten  . 
in  the  arc,  if  the  operation  be  carried  on  in  an  atmosphere  of  Inert  gas. 


C.  PBBT— PHOTOMETRY  OF  PROJECTORS,  LIGHTHOUSES,  AND 
OPTICAL  TELEGRAPHS. 

(£a  Lumi^  Electrique^  Vol.  50,  No,  51,  p.  551.) 

After  teste  made  on  project(»8  at  Chicago  which  yielded  very  high  figuree 
for  the  illumination  in  the  axis  of  the  instrumente,  a  polemic  was  started  to 
determine  if  the  above  measuremente  were  physically  correct,  and  if  the  ordinary 
photometric  laws  hold  in  such  a  case. 

The  fundamental  formula,  due  to  Lambert,  on  which  all  such  determinationa 
depend,  has  apparently  been  neglected  in  the  above  discussion— 


dg^^±Jlx 


D' 


cos  a  cos  a', 
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where  dq  is  the  qiumtity  of  light  received  bj  a  surface,  ef«,  placed  at  a  distance 
D  from  an  illominating  surface,  </ 1^,  of  brilliancy  £. 

If  the  surfaces  da  and  </ f^  be  normal  to  the  line  connecting  their  centres,  the 

law  then  becomes  «*»--.,  where  I  is  the  lominoos  intensitj.    The  formula  is  only 

correct  when  the  dimensions  of  the  luminous  source  are  small  as  compared  to  D. 
With  a  photometer  for  reducing  to  equal  illumination   the  two  sources  to  be 

compared,  —  —  .^^    When  any  optical  system  is  introduced  between  the  source 

of  light  and  the  photometer,  matters  become  more  complicated. 

If  the  system  be  so  arranged  as  to  give  parallel  rays  of  light,  there  wfll  exist 
an  ambiguity  as  to  the  law  of  illumination.  Some  say  that  the  intrasityin  the 
parallel  beam  is  independent  of  distance ;  others  maintain  that  the  law  of  inrerse 
squares  must  be  applied,  the  objectiye  being  taken  as  the  source  of  lights  The 
author  considers  that  both  contentions  are  correct  within  certain  limits.  The 
sonzce  of  light  in  practice  is  not  a  mathematical  point,  and  consequently  the  rays 
of  light  from  the  objective  will  not  be  quite  paralleL 

The  electric  arc  nearly  approaches  the  above  conditions.     Each  layr  of  light 

will  be  transformed  into  a  small  cone  from  the  lens,  with  an  angle  a  ^^;  d  being 
the  diameter  of  crater,  and/ the  focal  length  of  the  lens. 

A  photometric  screen  of  small  surface  placed  very  close  to  the  objective  will 
receive  rays  only  from  a  certain  number  of  points  on  the  lens  surface. ..  This  active 
surface  will  be  proportional  to  the  dirtance  of  the  screen  from  the  lens,  and  up  to 
a  certain  distance,  x,  from  the  lens  the  amount  of  light  received  by  ihe  photo- 
meter will  be  a  constant ;  the  ratio  of  the  surface  to  the  square  of  the  distance  being 

also  a  constant,  x  =>  =^,  where  D  is  the  diameter  of  the  lens.  If  the  p^tometer 
be  moved  away  further  than  the  point  x,  the  illumination  varies  acoordfig  te  the 
ordinary  law,  viz.,  inversely  as  the  square  of  the  distance. 

Advocates  of  the  first  opinion  are  correct  for  distances  up  to  tlje  point  x 
(which  becomes  infinitely  distant  when  the  source  of  illuminatioi  becomes 
infinitely  small).  Their  adversaries,  on  the  contrary,  are  correct  biyond  the 
point  X. 

Under  working  conditions  the  distance  between  the  projector  and  t  le  point  x 
may  be  considerable.  In  the  case  of  a  lens  1  metre  diameter  and  1*5  me  zes  focus, 
illuminated  by  a  crater  of  5  mm.  diameter,  x  »  800  metres.  At  this  poii  it  the  lens 
appears  uniformly  illuminated,  and  may  be  considered  as  a  true  source  of  light 
when  viewed  along  its  optical  axis. 

In  thia  case  the  multiplying  power  of  the  system  would  be  90,000— the  number 
by  which  the  illumination  at  a  given  distance  due  to  the  naked  arc  would  be 
multiplied,  to  give  at  the  same  distance  the  illumination  due  to  the  projector. 

It  wovld,  however,  be  a  mistake  to  use  this  multiplier,  as  was  done  at  Chicago, 
to  obtain  the  illumination  at  a  distance  of  1  metre,  which  gave  a  result  of 
270,000,000  candles  with  the  projector— an  intensity  not  to  be  obtained  at  any 
point  in  the  axis.  If  the  photometer  were  placed  quite  close  to  the  lens,  an 
illumination  of  1,888  candles  should  be  obtained  with  the  above  conditions,  which. 
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will  be  oonstant  up  to  a  distance  of  300  metres  from  the  projector ;  and  the  author 
considers  that  it  is  only  by  a  direct  photometric  measarement  of  the  sort  that 
practical  results  are  to  be  obtained. 

The  author  carried  out  a  series  of  experiments  on  a  non-achromatic  lens  of 
14  mm.  diameter  and  of  45  cm.  focal  length,  the  source  of  light  being  a  circular 
diaphragm  1*4  cm.  diameter,  illuminated  by  a  Bengel  jet,  thus  obtaining  a 
lumlnoui  surface  of  fixed  dimensions  and  of  uniform  brilliancy. 

The  results  showed  a  gradual  decrease  in  light  up  to  the  point  x,  and  beyond 
that  the  decrease  followed  the  law  of  inverse  squares,  taking  the  lens  as  the  origin. 

The  abore  results  are  due  to  the  great  difficulty  in  obtaining  correctly  the 
focus  of  non-achromatic  lenses;  the  distance  between  the  extreme  coloured  foci 
being  about  40  times  greater  than  the  spherical  aberration. 

The  author  then  made  experiments  with  a  lens  sensibly  deprived  of  the  two 
aberrations  for  parallel  rays  in  the  direction  of  the  axis.  The  lens  was  an  astro- 
ncmiical  objective  with  the  following  constants : — D  «  7  cm. ;  /  =  78  cm.  The 
follbwing  table  gives  the  results  of  the  tests.  The  constant  difference  between 
experimental  and  calculated  values  is  attributed  to  reflection  from  the  four  faces 
of  the  two  lenses  constituting  the  achromatic  objective.  All  the  preceding  remarks 
apply  equally  to  projectors  fitted  with  mirrora 


Digtanoe  of  Photometer 
from  SouToe  of  Light 

gTi  Observed. 

^Oa]cuUt«d. 

78  cm. 

3-80 

3-70 

128    „ 

319 

3-70 

178    „ 

3-80 

3-70 

278    „ 

3-25 

3-70 

378    „ 

819 

3-70 

428    „ 

3-80 

3-70 

528    „ 

1-88 

2-76 

578    „ 

1-56 

2-24 

678    „ 

1-18 

1-57 

778    „ 

0-735 

116 

1,078    „ 

0-255 

0-56 

1,678    „ 

0-111 

0-24 

The  concordance  between  these  results  shows  that  the  differences  observed  in 
practice  are  either  due  to  the  wrung  application  of  formulte  or  to  personal  errors  in 
the  observers. 


P.  BOUCKEBOT— THEORY  OF  ROTARY  FIELD  MACHINES. 

(La  iMmihe  EUctrique,  Vol.  60,  No.  44,/>.  220,  No.  60,  p.  624.) 

The  author  shows  that  it  is   solely  the   self-induction   of  the   armature 
which  causes  maximum  torque  at  a  high  speed— a  practical  inconvenience  with 
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such  machines.  An  alternative,  but  uneconomical,  method  is  to  work  the  motors 
below  their  fall  load.  The  two  main  disadvantages  of  machines  with  rotating 
magnetic  fields  are  that  one  mast  either  work  nneconomicallj  or  be  subject  to 
sudden  stoppages.     Many  expedients  have  been  tried,  without  much  success. 

The  grouping  of  the  armature  winding  has  been  considered,  from  which 
emanated  the  squirrel-cage  winding.  This  was  not  very  successful,  for,  although 
the  relation  ij*  ^  L  A  is  required  by  existing  conditions — where  17  is  the  maximum 
coefficient  of  mutual  induction,  L  the  coefficient  of  self-induction  of  the  magnets, 
and  A  the  coefficient  of  self-induction  of  the  armature — it  also  becomes  a  serious 
obfltacle.  The  value  L  being  fixed,  all  that  is  done  to  diminish  A  will  also 
diminish  %  and  the  best  condition  is  arrived  at  when  ly^  *  L  A,  assuming  no 
leakage.  A  second  expedient  has  been  the  use  of  condensers ;  there  is.  however, 
not  much  to  be  expected  from  their  use,  on  account  of  the  great  variations  of 
frequency  of  the  armature  current.  A  condenser  which  would  cause  maximum 
torque  at  starting  would  also  make  the  torque  very  small  at  high  speeds.  Suppose, 
for  instance,  that  the  condenser  introduced  in  the  armature  circuit  completely 
annuls  self-induction  at  starting,  and  produces  a  torque  of  u  m.k.,  the  speed  of  the 
field  being  1,200  revolutions  per  minute.  At  1,000  revolutions  per  minute  the 
inductance  due  to  self-induction  will  be  six  times  smaller ;  the  inductance  of  the 
condenser,  on  the  contrary,  will  be  six  times  greater.  The  resultant  inductance 
will  then  be  5*88  times  greater  than  that  due  to  self-induction  or  to  the  condenser 
on  starting. 

The  inductance  due  to  self-induction  on  starting,  is  six  times  greater  than  the 
resistance  (since  the  condition  r  zz  w  I  corresponds  to  a  difference  in  speed  of  200 
revolutions  between  the  armature  and  the  field).  The  total  inductance  at  1,000 
revolutions  will  be  85  times  greater  than  the  resistance,  and  the  torque  will  be  a 
minimum.  It  then  becomes  detrimental  to  normal  working  conditions  to  obtain 
nmximum  torque  on  starting. 

The  last  expedient  is  to  introduce  resistances  into  the  armature  circuit  which 
most  be  varied  with  the  speed,  so  that  the  resistance  would  always  be  maintained 
«qQal  to  the  inductance  of  the  armature.  The  author  does  not  consider  this 
practical 

A  commercial  motor  should  have  at  any  speed  an  increased  torque  with 
diminution  of  speed,  and  vire  versa.  The  torque  would  then  have  to  be  a  maximum 
at  starting.  There  is  not  a  motor  on  the  market  with  rotating  fields,  to  satisfy  these 
conditions.  To  approach  these  conditions  it  is  necessary  to  work  under  full  load 
at  a  sacrifice  of  efficiency. 

In  the  case  mentioned  above,  the  motor  would  work  well  with  200  revolutions 
per  minute  of  the  field,  but  the  output  would  be  small.  This  is  why  such  motors 
are  worilted  mt  low  frequencies. 

The  author  considers  that  it  is  for  this  reason  that  many  makers  have  placed 
the  armature  outside  and  field  magnets  inside,  apart  from  the  reason  of  diminishing 
losses  due  to  hysteresis  and  Foucault  currents. 

With  regard  to  efficiency,  the  author  states  that  the  efficiency  of  the  armature 
is  equal  to  the  ratio  of  its  speed  to  that  of  the  field.  The  efficiency  then  increases 
indefinitely  with  the  speed.     Considering  the  whole  machine,  the  efficiency  must 
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redch  a  maximum  value ;  and  there  is  no  leaaon  that,  with  careful  designing,  the 
efficiency  should  not  be  equal  to  that  of  a  continuous-current  machine. 

In  an  answer  to  criticisms  made  by  M.  Farman,  the  author  states  the  three 
theories  of  rotating  fields,  as  follows : — 

1.  In  the  first  case  one  finds  the  flux  produced  by  two  sine  currents  with  a 
quarter  phase  difference  between  them,  circulating  round  the  field  magnets,  placed 
at  right  angles.  Under  these  conditions  the  field  rotates ;  so  will  also  a  ring  placed 
in  the  field,  but  at  a  different  speed.  The  currents  produced  in  the  ring,  and  their 
reaction  on  the  field  magnets,  must  be  determined.  This  theory  is  employed  by 
M.  Picon  and  M.  Mascart 

2.  In  the  second  case  one  considers  the  action  of  the  alternating  fields  produced 
by  the  field  windiogs  on  the  armature,  and  the  reaction  of  the  armature  on  the 
field  circuits.  This  is  what  M.  Farman  has  attempted  without  succeas,  and  also 
MM.  Boissonnas. 

3.  In  this  case  one  considers  self  and  mutual  induction  only,  the  field  not 
being  taken  into  account.  This  method  has  been  successfully  employed  by  MM. 
Hntin  &  Leblanc. 


AHOH.— ELECTRICITY  IN  PUBLIC  WORKS  (CONSTRUCTION 
OF  BILBAO  HARBOUR). 

(La  Lumihre  EUctrique,  Vol,  61,  No,  4,/>.  177.) 

Since  1878  the  tonnage  of  the  ships  which  have  entered  the  port  of  Bilbao 
has  increased  by  520  per  cent.,  and  attained  in  1891-92  a  toUl  of  4,500,000  tons. 

Although  the  harbour  was  considerably  improred  in  1890,  navigation  remained 
difficult  under  certain  conditions ;  it  was  therefore  decided  to  build  a  harbour  in 
the  deep  water  of  the  bay. 

This  will  be  protected  by  two  breakwaters,  one  1,450  and  the  other  1,072 
metres  long.  The  area  of  the  harbour  will  be  287  hectares.  The  stones  required 
for  this  work  are  obtained  from  a  neighbouring  quarry,  where  they  are  shipped 
by  means  of  steam  cranes.  Engines  are  installed  at  the  quarry  for  working 
shop  machines,  a  pile-driver,  pump,  and  three  cranes  on  the  loading  platform,  and 
also  a  dynamo  for  driving  motors  on  the  travellers  used  for  moving  blocks  of 
artificial  stone. 

The  voiome  of  these  blocks  is  about  18,000  cubic  metres ;  when  dried  they 
are  moved  by  the  electric  travellers  for  shipment  to  the  breakwaters. 

The  dynamo  is  compound-wound  and  of  the  multipolar  type,  working  at  220 
volts  and  300  revolutions  per  minute,  and  driven  direct  from  a  50-  to  60-H.P. 
engine.    The  armature  is  ring-wound. 

The  lines  for  working  the  travellers  are  of  bare  copper,  carried  on  insulators 
fixed  to  posts  or  to  walls,  according  to  circumstances. 

The  traveller  is  very  simple  in  construction ;  it  is  supported  on  eight  wheels 
0*85  metre  diameter. 

Tlie  two  supporting  frames  are  5*7  metres  apart,  and  connected  together  at 
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the  top  by  two  strong  hoiizontal  beaniB.  These  beams  carry  two  hydraulic  lifts. 
A  cab  placed  at  the  top  contains  a  pomp,  the  necesMuy  gearing,  and  the  motor. 
The  latter  is  of  the  two-pole  Gramme  type,  and  drives  by  worm  gearing.  Cnirent 
is  collected  from  the  overhead  wires  by  means  of  the  ordinary  form  of  trolley  bars. 
The  motor  works  at  6d0  revolutions  per  minute,  and  the  crank  shaft  of  the  pomp 
w<ffksat30. 

The  traveller  is  arranged  to  ran  on  to  a  large  platform,  on  which  it  deposits 
the  blocks.    The  platform  is  also  propelled  electrically. 

Some  trouble  was  experienced  on  account  of  the  sinking  of  the  rails  in  places^ 
which  necessitated  extra  work  for  the  motor. 

Under  normal  conditions  12  H.P.  is  necessary  for  moving  a  block  weighing 
100  tons,  but  40  H.P.  was  required  in  places  where  the  ground  had  sunk.  This 
load,  however,  was  only  momentary.  The  travelling  platform  measures  6  metres 
X  4*6  metres,  and  has  4  axles,  to  which  are  fixed  wheels  0*6  metre  diameter,  running 
on  two  pairs  of  rails.  The  motor  working  this  platform  is  similar  in  every  respect 
to  that  working  the  traveller,  the  reduction  in  speed  in  this  case  being  105  I  1. 
This  platform  is  used  for  shifting  the  blocks  to  the  wharf  for  shipment. 


AVOV.— THE  DOANE  LIGHTNING  ARRESTER. 

(La  Lumiire  EUctrique,  Vol  51,  No,  2,  p,  72.) 

This  lightning  arrester  has  been  specially  designed  for  traitway  work.  A 
branch  circuit  is  made  from  the  trolley  to  one  of  two  carbon  rods,  the  other  one  . 
being  connected  to  earth.  When  the  potential  rises  to  a  given  amount,  an  arc  is 
established  between  two  carbon  points,  cnrrent  passing  to  earth.  A  part  of  this 
current  excites  a  solenoid  which  attracts  an  armature  and'  causes  a  mica  screen  to 
be  interposed  between  the  two  carbons,  thus  interrupting  the  arc.  The  armature 
is  then  released,  and  the  instrument  will  again  be  ready  for  action. 


M.  A.  BAHTI— EXPERIMENTS  ON  NON-SYNCHRONOUS  SINGLE- 
PHASE  MOTORS. 

(La  Lumiere  Electriquef  Vol,  51,  No.  2,  p,  72.) 

These  experiments  were  made  on  some  Brown-Boveri  motors  in  use  at  the 
National  Bank  of  Rome. 

The  author  recalls  the  principle  on  which  are  based  non-synchronous  single- 
phase  motors.  The  torque  is  zero  at  starting  and  at  the  speed  corresponding 
to  synchronism,  and  is  maximum  at  an  intermediate  speed.  The  niotors  tested 
had  outputs  of  },  1^,  and  3  H  J*.  The  field  has  two  windings  in  order  to  produce 
a  rotary  field ;  the  difference  in  phase  between  the  two  currents  being  about  90^. 
This  is  obtained  by  putting  the  two  circuits  in  parallel  and  inserting  in  one  of 
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the  circuits  a  polarieiug  battery  which  acts  as  a  condenser.  The  d-RP.  motor, 
which  was  first  tested,  has  the  following  dimensions : — 42  cm.  long,  44  cm.  wide, 
and  48*5  cm.  high. 

The  field  magnet  carries  12  coils,  six  belonging  to  the  ordinary  field  circuity 
and  the  six  others  to  the  starting  circuit.    The  armature  has  38  copper  bars. 

Weight  of  motor,  including  pulley,  is  190  kilogrammes.  The  motor  was 
started  in  the  ordinary  manner.  When  synchronism  was  attained,  the  second 
field  winding  was  cut  out  and  the  motor  loaded  by  means  of  a  brake.  The 
watts  supplied  were  measured  by  a  Ganz  wattmeter ;  note  being  also  made  of 
exciting  current  and  supply  voltage. 

The  results  obtained  are  given  in  the  following  table : — 

3-H.P.     MOTOB. 


WatU 
Abeorbed. 

Amperes. 

Speed. 

Available 
Hone-Power. 

Efficiency. 

Power-Factor, 
W 
TV* 

Ratio  of  Apparent 
Enetgy  to  Real 

Energy, 
1^  V  X  A  -  W 

iw          W 

3480 

16-0 

902 



% 

0-216 

364-86 

967-7 

17-5 

890 

0-82 

62 

0621 

92-23 

1,421-0 

21-0 

870 

1-38 

71 

0-687 

67-09 

1,911-0 

24-0 

884 

2-01 

77 

0-761 

3344 

2,401-0 

27-5 

872 

2-64 

78 

0819 

21-75 

2,976-7 

82-3 

872 

316 

78 

0-869 

18-54 

3,603-6 

37-0 

860 

8-67 

77 

0-892 

12-26 

4,189-6 

43-0 

868 

419 

78 

0917 

910 

4,806-9 

48-5 

848 

4-60 

71 

0-934 

7-26 

6,439-9 

650 

860 

5-07 

08 

0-934 

7-49 

Carves  are  given  connecting — 

Supply  watts  with  brake  horse-power. 
Apparent  watts  ,,        „  ,, 

Efficiency  ,,        ,,  ,, 

Power-factor       „        „  „ 

The  efficiency  is  maximum  for  an  available  output  of  about  8  H.F.,  and  is 
78  per  cent.  The  angle  of  lag  was  found  to  be  20°.  The  motor  was  loaded  up  to 
6  U.P.  without  varying  speed  by  more  than  5  per  cent,  from  0  load.  These 
results  apparently  contradict  statements  made  against  single-phase  non-synchronoua 
motors,  for  in  this  particular  case  the  motor  withstood  a  considerably  greater 
effort  than  that  for  which  it  was  designed,  without  an  unsafe  variation  in  speed. 
At  starting,  when  the  two  field  circuits  are  excited,  the  current  is  66  amperes, 
and  gradually  decreases  to  42  amperes  when  syuchronism  is  reached. 

For  a  2-  or  8-H.P.  motor  a  6-kilowatt  transformer  is  necessary. 

The  same  motor  was  tested  with  an  armature  smaller  in  diameter  than  the 
first,  thus  offering  a  larger  air  gap.     The  results  are  given  in  the  following  table :— > 
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Watts 
AbsorbwL 

Amperes. 

Speed. 

AvaUable 
Horse  Power. 

EfBciency. 

Power-Factor, 

W 

XT- 

Ratio  of  Apparent 

Snerfcy  toReal 

Ener^, 

iooV'<A-w 

379-76 

18-0 

916 

__ 

% 

0-197 

405-0 

862-4 

20-0 

896 

0-70 

60 

0-400 

147-2 

1,384-2 

22-5 

892 

1-86 

72 

0-677 

78-3 

1,901-2 

26-2 

864 

1-9 

74 

0-680 

49-9 

2,437-7 

30-0 

908 

2-58 

78 

0-7G2 

311 

2,940-0 

34-5 

872 

8-1 

78 

0-799 

25-1 

3,662-5 

89-6 

888 

3-7 

77 

0-848 

18-5 

4,324-2 

47-0 

876 

419 

71 

0-868 

15  9 

4,961-2 

53-0 

856 

4-68 

69 

0-878 

13-9 

The  1|-H.F.  motor  was  next  tested.  It  had  the  following  dimensions:  — 
86  cm.  long,  88  cm.  wide,  87*5  cm.  high.  There  were  eight  field  coils.  The 
armature  had  87  copper  bars.    Total  weight  of  machine,  120  kilogrammes. 

The  following  are  the  results  obtained  : — 

li-HJ*.  Motor. 


Watts 
Absorbed. 

Amperes. 

Speed. 

Available 
Horse-Power. 

Efficiency. 

Power-Factor, 
W 
AV 

JUtio  of  Apparent 
Energy  to  Real 

loo^^-w 

220-5 
931-0 
1,249-5 
1,872-0 
1,641-5 
1374-0 
2,205-0 
2,756-2 

7-0 
11-0 
14-0 
15-0 
176 
20-0 
22-6 
27-6 

1,886 
1,852 
1,832 
1,856 
1.360 
1,808 
1.800 
1,264 

0-97 
1-27 
1-37 
1-64 
1-83 
2-11 
2-26 

% 

76 
74 
73 
73 
72 
70 
60 

0-294 
0-793 
0-833 
0-854 
0-877 
0-875 
0917 
0-930 

239-7 
26-4 
19-9 
17-0 
10-8 
14-2 
9-18 
6-75 

The  maximnm  efficiency  of  73  per  cent,  corresponds  to  a  load  of  1-6  H.P. — ^a 
little  abore  the  normal  value.    The  difference  of  phase  was  28°. 

The  speed  remained  almost  constant  when  the  motor  was  loaded  to  twice  fnll 
load. 

The  smallest  motor  was  next  tested.  It  measured  31  cm.  long,  81  cm.  wide, 
and  81*6  cm.  high.  It  had  eight  field  coils.  The  armature  had  86  bars  of  copper. 
The  whole  machine  weighed  about  70  kilogrammes. 
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Tbe  following  table  gives  the  results  obtained  on  this  motor :— 
J-H.P.  Motor. 


Watte 
Absorbed. 

Amperes. 

Speed. 

Available 
Horw-Power. 

Effidenoy. 

Power-Factor, 
W 
AV' 

Ratio  of  Apparent 
Ene^toReal 

,^VxT-W 

122-5 
847-9 
465*5 
617-4 
846-2 

4-0 
6-0 
6-0 
7-8 
9-5 

1,872 
1,860 
1^6 
1^12 
1,882 

0-31 
0-45 
0-69 
0-84 

% 

^5 
71 
71 
73 

0-286 
0-649 
0-725 
0-795 
0-838 

249-4 
58-8 
37-9 
26-6 
20-8 

The  efficiency  onder  normal  conditions  is -71  per  cent,  for  the  above  motor. 
The  starting  appaiatns  mentioned  above,  consisting  of  resistance,  commntator, 
condenser,  &c,  is  used  for  starting  all  the  motors  in  the  installation 


O.  CLAUDB— CONTRIBUTION  TO  THE  STUDY  OF  THE  ALTERNATE- 

CURRENT  ARC. 

{Comptes  Rendus,  Vol  118,  No.  4, p.  187.) 

A  condenser  of  0*1  microfarad  capacity  was  placed  in  series  with  a  short- 
circuiting  key  and  12  incandescent  lamps  of  16  C.P.  on  an  alternating  P.D.  of 
2,400  volts  at  80  r\J,  On  closing  the  circuit  the  lamps  glowed  with  the  charge 
and  discharge  current  of  the  condenser,  which  was  about  0*1  ampere.  When  the 
key  was  lifted  in  order  to  introduce  a  small  gap,  a  permanent  arc  was  establifhed 
between  the  two  points,  and  it  was  observed  at  the  same  time  that  the  brilliancy  of 
the  lamps  increased  considerably  as  the  arc  got  longer.  When  the  gap  was 
increased  to  1  mm. — just  sufficient  to  keep  a  stable  arc — the  potential  difference  at 
the  terminals  of  each  of  the  lamps,  measured  with  an  electrometer,  was  increased 
from  30  to  90  volts. 

The  addition  of  the  arc  in  series  with  the  lamps  then  had  the  effect  of 
increasing  the  current  in  the  ratio  of  1 :  4,  taking  into  account  the  variation  in  the 
resistance  of  the  lamps. 

The  potential  difference  at  the  terminals  of  the  arc,  measured  with  an 
electrometer,  was  1,200  volts.  The  current  was  about  0*4  ampere.  If  this  arc 
acted  as  an  ordinary  resistance  the  power  absorbed  would  be  480  watts.  This  was 
not,  however,  the  case,  for  the  key  kept  cool  after  several  minutes*  action. 

It  would,  then,  seem  that  the  arc  acted  as  a  self-induction,  and,  when  placed  in 
series  with  a  capacity,  considerably  diminished  the  apparent  resistance  of  the 
circuit.  The  author,  however,  gives  a  different  explanation.  When  the  distance 
between  the  points  of  the  key  is  greater  than  the  sparking  distance  corresponding 
to  the  E.M.F.   in  question,  the  arc  would  no  longer  be  maintained,  and  con- 
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seqaentlj  the  condenser  woald  not  be  charged.  When  the  E.M.F.  haa  attained 
the  necessary  value  the  arc  will  be  re-established. 

The  difiference  of  potential  at  the  terminals  of  the  key  falls  to  zero,  and  the 
condenser  is  rapidly  charged  with  a  large  E.M.F.  The  charging  current  is  limited 
to  a  small  fraction  of  the  period,  and  is  therefore  greater. 

The  mean  of  the  squares  of  the  current  is  much  increased,  and  consequently 
the  power  absorbed  by  the  lamps  is  greater.  An  analogous  action  takes  place  at 
the  time  of  discharge.  The  explanation  of  the  small  amount  of  power  absorbed  by 
the  arc  is  now  evident ;  for  when  the  difference  of  potential  at  the  terminals  of  the 
lamps  is  great  the  current  is  zero ;  but  the  mean  of  the  squares  of  the  P.D., 
meaiured  on  the  electrometer,  is  not  diminished.  The  phenomenon  is  considerably 
influenced  by  the  length  of  arc  and  nature  of  the  electrodes.  With  carbon  points 
it  is  scarcely  possible  to  obtain  more  than  500  to  600  volts  across  an  arc  3  to  4  mm. 
long. 

The  figures  given  above  are  the  most  favourable  ones  obtained  with  the  par- 
ticnlar  P.D.  and  frequency  employed. 

It  is  not  poMible  to  follow  the  steps  of  the  operation  de  visu  with  a  frequency 
of  80 ;  but  it  is  an  easy  matter  to  do  so  when  using  a  current  of  3  or  4  periods  per 
second  at  170  volts  obtained  from  a  Gramme  machine.  When  working  with  a 
condenser  of  1  microfarad  capacity  and  a  0*8  ampere  lamp,  the  author  observed 
well-marked  intervals  of  brightness  and  dnlness ;  whereas  the  filament  kept  quite 
bright  when  the  short-circuit  key  was  closed. 


C.  V0UBBX880V— ON  THE  MINIMUM  ELECTRO-MOTIVE  FORCE 
NECESSARY  TO  PRODUCE  ELECTROLYSIS  OF  DISSOLVED 
ALKALINE    SALTS. 

{CompUB  Eendms,  Vol,  118,  No.  4,/i.  189.) 

The  author  has  endeavoured  to  calculate,  from  thermo-chemical  laws,  the 
minimum  necessary  electro-motive  force  to  produce  electrolysis  of  dissolved 
alkaline  salts,  the  initial  and  final  condition  of  the  solution  only  being  considered. 
These  calculations  were  also  verified  by  experimental  data. 

Taking,  for  example,  chloride  of  sodium,  and  assuming  that  there  is  complete 
decomposition,  the  following  four  reactions  may  be  said  to  represent  electrolysis : — 

Cal.    ' 

1.  Na  CI  "i  Na  +  CI  in  solution,  with  absorption  of  ...        06*4 

2.  H«  O    «  H«  +  O  „  „  ...        68-4 

164-8 

8.  Na  +  O  +  H  +'Aq  «  aO  H,  producing 111-8 

4.  Formation  of  oxygen  compound  of  CI 6-0 

117-8 
The  difference  is  164*8  —  117-8  «  47  calories,  and  the  electric  current  would 
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have  to  supply  energy  equal  to  this  to  electrolyse  one  equivalent  of  chloride  of 
sodium.    The  electro-motive  force  would  then  be  2*02  volts. 
By  calculation — 

ForNaBr 

ForNal      

Results  which  have  been  confirmed  experimentally. 
In  the  case  of  sulphate  of  sodium — 


Cal. 
40-6 

26-9 


Volta. 
1-75 

116 


1.  So*  Na«  -  8  +  O*  +  Na«,  with  absorption  of 

2.  2  H«  O  =-  2  H«  +  0«,  with  abforption  of 


3.  S  +  0=»  +  Aq  -  S  O*  H«,  producing 

4.  Na*  +  0«  +  H«  ^-  Aq  -  2  Na  O  H  in  solution,  producing... 


Cal. 
329 

186-8 
465-8 

142  5 
228-6 

8661 


DifiFerence 


99-7  cal. 


The  minimum  electro>motive  force  works  out  to  2*15  volts,  as  sulphuric  acid 
i»  dibasic.  Nitrate  and  chlorate  of  sodium  both  require  *  48  calories,  or  2*07 
volts.  The  minimum  electro-n  otive  force  necessary  to  produce  electrolysif  of 
dissolved  alkaline  salts  is  constant  for  oxygen  salts,  and  also  for  haloid  salts  derived 
from  the  same  acid. 

The  following  table  gives  the  results  of  the  author's  experiments  -. — 


Chlorides. 
1-97 

Bromides. 

Iodides. 

Sulphates. 

Nitrates. 

Chlorates. 

Potassium      

1-74 

Mo 

240 

2-82 

2-46 

Sodium          

2-10 

1-71 

119 

2-40 

2-36 

242 

Lithium         

2-01 

1-71 

U9 

2-43 

2-45 

2-42 

Calcium         

1-9-, 

1-71 

116 

2-48 

2-28 

2-42 

Barium          

1-94 

1-72 

117 

2-48 

2-37 

2-48 

Ammonium 

1-83 

1-46 

1-17 

2-29 

2-37 

2-48 

Calculated  values     ... 

2-02 

1-75 

116 

2-16 

2K)7 

2-07 

S.  VAOAOKA— HYSTERESIS    ATTENDING   THE    CHANGE    OF 
LENGTH  BY  MAGNETISATION  IN  NICKEL  AND  IRON. 

(Phiiotofthicnl  Magazine,  Vol,  87,  No.  224,  p.  181.) 

An  account  of  a  delicate  and  elaborate  research.  The  result  for  nickel  is 
described  as  follows: — The  wire  was  19*4  cm.  long,  and  2*04  mm.  thick,  and  was 
carefully  annealed  while  lying  due  magnetic  east  and  west.  It  was  then  placed  in  a 
magnetic  field,  which  was  gradually  raised  to  10*2  C.G.S.  units.  The  wire  con- 
tracted)  at  first  slowly,  but  with  an  increasing  rapidity  when  the  field  was  about  8. 
As  the  field  was  diminished  the  wire  tended  to  return  to  its  former  state,  but  not  by 
the  game  course,  showing  distinct  hysteresis.    When  the  current  was  cut  off  the  wire 
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renuuned  contracted  88*3  x  10-^  of  its  origiBAl  length.  When  the  corrent  wu 
rereroed  the  wire  continaed  expanding  till  the  field  reached  5,  when  it  began  again 
to  contract,  the  length  in  a  field  of  —10*1  being  nearly  the  same  as  in  one  of  + 10*2. 
On  the  cnrrent  being  now  decreased  the  same  succession  of  changes  took  place. 
Similar  results  were  obtained  with  maximnm  fields  of  80  and  250  C.G.S.  units. 
The  curres  hare  two  points  of  inflection,  one  in  weak  and  one  in  strong  fields,  but 
no  mazinram  contraction  wast>baerved. 

For  iron,  the  phenomena  are  extremely  curious  and  interesting.  The  effect  of 
faicreaaing  the  field  is  a  graduallj  increasing  elongation :  the  rate  of  increase  reaches 
a  m^'gimntn^  and  a  maximum  elongation  is  observed  in  a  field  of  70 ;  in  stronger 
fields  the  elongation  steadily  decreases,  up  to  ^  field  of  805,  the  largest  used ;  as  the 
field  decreases,  the  wire  again  elongates,  but  shows  lagging  until  a  field  of  120  is- 
reached,  when  it  crosses  the  ascending  carre,  and  the  elongation  becomes  greater  in 
the  falling  than  in  the  rising  curve  until  a  field  of  25  is  reached,  when  the  wire 
again  begins  to  shorten  abruptly ;  on  crossing  zero  line  the  wire  is  still  longer  than 
at  the  first  maximum.  With  reversed  field  the  wire  decreases  in  lengUi  till  —15  is 
reached,  when  it  again  begins  to  elongate,  and  goes  on  lengthening  till  it  reaches 
again  a  maximnm  at  —70,  after  which  it  rapidly  contracts  down  to  a  field  of  —300. 
The  cycle  is  repeated  with  decreasing  negative  field.  The  measured  changes  of 
length  for  both  nickel  and  iron  (maximum)  agree  with  thoee  of  Bidwell.  The 
apparatus  used  is  fully  described,  and  interesting  curves  (accompanied  by  the  actual 
observations)  are  given. 


€.  e.  XVOTT— MA6NBTIC  ELONGATION  AND 
MAGNBTIC-TWI8T  CYCLES. 

(Philosophical  Magazine,  Vol  87,  i^o.  224,  ;>.  141.) 

The  author  considers  that  Mr.  Nagaoka  (see  last  abstract)  has  done  for  the 
magnetic-elongation  cycle  what  Warburg  and  Ewingdid  for  the  magnetisation  cycle, 
and  describes  some  closely  related  results  obtained  some  years  ago  by  himself. 
Wiedemann  discovered  in  1858  that  when  a  longitudinally  magnetised  iron  wire 
has  a  current  flowing  in  it,  it  twists ;  and  in  1888  the  author  found  that  nickel  did 
the  same ;  and  more  recently  still  cobalt  was  found  to  act  similarly.  Maxwell 
suggested  that  tlus  phenomenon  could  be  explained  by  the  elongation  discovered  by 
Joule,  and  the  behaviour  of  nickel  and  cobalt  has  confirmed  his  hypothesis.  With 
a  constant  current  flowing  in  the  wire,  the  field  in  which  it  lay  was  altered,  and  a 
cycle  of  twist  plotted  against  field  was  obtained  which  shows  dirtinct  hysteresis. 
With  a  small  range  of  field  the  curve  was  very  similar  to  the  well-known  hysteresis 
curve  of  magnetisation,  but  with  limiting  fields  stronger  than  that  which  produced 
the  maximnm  twist  the  hysteresis  curve  crossed  itself  twice  and  formed  three 
loops.  It  is  curious  to  note  that  if  the  curve  obtained  with  negative  field  be 
plotted  also  as  a  positive  field,  taking  its  refleotiOB  on  the  opposite  side  of  the 
vertical  axis,  and  the  two  curves  have  the  comers  rounded  off  at  the  points  of 
intersection,  the  result  is  a  curve  precisely  similar  to  Mr.  Nagaoka's.  Although 
there  is  no  maximum  contraction  for  nickel,  its  magnetic-twist  cycle  is  similar  to 
that  of  iron,  the  field  being  higher.  The  field  of  maximum  twist  depends  on  the 
TOL.  xxin.  17 
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current  in  the  wire.  The  resnlti  of  Bir.  Nagaoka't  experiments  agree  perfectly 
with  what  might  he  inferred  from  the  character  of  the  hysteresis  in  the  magnetic- 
twist  cycle. 


r.    UPPBVBOBV— THE   CENTRAL    STATIONS    OF    MESSRS. 
SIEMENS  &  HALSKB:   m.~COPENHAGEN. 

(^Elektroteehniteke  ZeiUchrift,  No,  1, 1894,  p.  2.) 

The  contract  was  concluded  on. October  80th,  1890,  bat,  owing  to  the  delays 
in  bnilding  cansed  by  the  severe  winter,  the  laying  of  the  cables  and  the  putting 
down  of  the  heelers  were  only  began  early  in  Jane,  and  it  was  Oetober  before  the 
engine  and  aocamalator  rooms  were  ready  for  the  plant;  while  the  snpply  was 
began  on  Blarch  5th,  1892,  since  when  it  has  continued  without  interruption. 
The  sjTStem  is  three-wire,  at  2  x  110  volts.  There  are  six  water-tube  boilers  of 
Steinmiiller  and  Babcock  &  Wilcox  manufacture,  and  there  is  room  for  fire  more 
when  required;  these  boilers  being  fed  by  Woithington  puaips.  The  steam 
supply  pipes  are  of  copper  and  wrought  iron,  and  can  be  cut  off  from  both  engines 
and  boilers.  In  the  engine  room  there  have  been  put  down  for  present  supply  one 
engine  of  880  H.P.,  and  two  of  560  H.P.  each,  and  there  is  room  allowed  for  two 
steam  dynamos  of  1,000  H.P.  The  engines,  by  Burmaister  &  Wains,  of  Copen- 
hagen, are  slow-speed  compound  condensing  machines,  running  at  about  120 
reyolutions  per  minute,  and  are  started  by  small  auxiliary  engines,  which  are 
automatically  cut  off  when  the  big  machines  begin  to  receive  steam.  The 
guarantee  for  the  steam  consumption  of  the  larger  machines  was  18*2  lbs.  of 
steam  per  I.H.P.-hour,  the  efficiency  87  per  cent.  The  engines  are  coupled  each 
to  two  inside-pole  machines  of  the  well-known  Siemens  &  Halske  type,  which  is 
the  only  one  found  by  this  firm  to  be  practicable  for  very  large  outputs 

The  accumulators  are  of  the  Tudor  type,  se  extensively  employed  on  the 
Continent,  having  a  maximum  discharge  current  of  about  850  amperes.  The 
switch-board  is  of  cast  iron  and  marble,  all  combustible  material  having  been 
avoided,  and  contains  all  the  instruments,  which  are  airanged  much  as  usual. 
A  differential  voltmeter  is  provided  for  each  dyoamo,  in  order  to  couple  it  io  the 
omnibus  bars  when  its  difference  of  potential  is  exactly  equal  to  theirs.  The 
cable  network  consists  chiefly  of  doable  iron-armoured  conductors,  laid  directly  in 
the  earth,  a  few  points  only  being  provided  with  bare  conductors  in  conduits,  and  is 
arranged' to  have  a  maxim nm  drop  from  the  onmibus  bars  to  the  main  feeding  points 
of  15  per  cent.  The  cables  are  about  100,000  yards  in  length,  exclusive  of  public 
lighting  and  house  services ;  and  the  insulation  measured  over  7,000  megohms  per 
mile.  The  maximum  output  of  the  dynamo  is  1,480  H.P.,  and  of  the  cells  about 
250  H.P.,  corresponding  to  about  80,000  30-watt  lamps ;  the  cable  network  being 
designed  for  aboat  40,000  lamps  homing  simultaneously.  There  are  at  present 
about  80,000  lamps  on  the  mains.  The  buildings  have  some  pretensions  to  archi- 
tectural beauty,  the  engine  room  especially  being  said  to  be  both  imposing  and 
pleasing,  good  use  being  made  of  tile  decoration. 
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C.  P.  STBZmBTB— POLYPHASE  MOTORS. 

{EUktroUehni9eh»  ZnUekrift,  1894,  No,  4,  p.  45.) 

After  going  into  the  histoiy  of  these  motors,  which  he  traces  back  to  a  paper 
read  bj  Mr.  Walter  Bailj  to  the  Physical  Society  of  London  in  1879,  the  author 
makes  some  remarks  on  the  characteristics  of  this  kind  of  motor  as  they  have  sliown 
themseWes  in  his  experience. 

Firstly,  polyphase  motors  are  more  easily  dealt  with  by  calculation  than,  for 
example,  direct-cnrrent  motors — especially  as  regards  starting  torqne,  efficiency, 
displacement  of  phase,  alteration  of  speed  for  giTen  load,  maximnm  overload 
possible,  and  torqne  nnder  these  conditions ;  also  current  taken  when  running 
li^t  or  at  different  loads,  and  so  forth. 

Starting  Torque, — The  ordinary  polyphase  motor  can  produce  the  same  torqne 
per  watt  at  starting  (sometimes  a  few  per  cent,  more)  as  at  full  speed  and  load,  and 
requires  no  excessive  current  to  start  it  By  special  design,  the  starting  torque 
may  be  made  as  much  as  three  times  the  full  speed  and  load  torque  for  the  same 
cuirent  All  motors  of  5  H.P.  full-load  output  which  take  15  H.P.  to  start  them 
must  be  regarded  as  fidlures. 

Overloading, — ^A  polyphase  motor  can  be  considerably  overloaded  without 
stopping  or  dropping  in  the  speed  to  a  serious  extent:  the  conditions  of  use 
determine  the  amount  of  overloading  for  which  the  motor  must  be  designed. 

Fall  of  Speed. — This  can  be  made  as  great  or  as  small  as  is  desired,  without 
perceptibly  affecting  the  other  qualities  oi  the  motor.  Oenerally  speaking,  the 
fall  is  less  than  with  direct-current  motors. 

JElfficieney, — ^The  efficiency  should  be  at  least  as  great  as  with  direct  currents ; 
but,  as  in  the  latter  case,  the  higher  the  efficiency  the  greater  the  cost  of  manufacture, 
and  vice  versa. 

Current  at  no  Load, — The  current  taken  at  no  load  must  be  small,  and  should 
not  amount  to  more  than  20  to  80  per  cent  of  the  full-load  current,  except  in 
special  cases — as,  for  instance,  if  the  motor  is  required  to  stand  overloading  several 
hundred  per  cent,  for  short  times,  without  a  great  fall  in  speed.  This  point  is  one 
in  which  faulty  design  is  very  plainly  indicated. 

PhoM  Ditplacmnent, — The  displacement  of  the  current  behind  the  E.M.F. 
should  be  small,  and  the  energy-factor,  or  ratio  of  true  to  apparent  watts,  large. 
It  should  be  about  0*9  in  large  motors,  and  never  under  0*8.  It  consists  of  three 
important  components — 

(a.)  The  self-induction  of  the  armature,  displacing  the  armature  current 
behind  the  inducing  E.M.F.    This  increases  more  and  more  rapidly 
with  increasing  output,  and  is  the  chief  factor  in  limiting  the  load. 
(b,)  The  self-induction  of  the  primary  circuit,  causing  the  main  current  to 

lag  behind  the  terminal  P.D.  -This  also  increases  with  the  load. 
(c)  The  magnetising  or  exciting  current,  increasing  this  last  effect  As  this 
current  is  constant,  the  phase  displacement  produced  by  it  diminishes 
with  increased  output,  almost  proportionally.  The  resultant  phase 
displacement  decreases  from  no  load,  reaches  a  minimum,  and  then 
increases  with  increasing  load. 
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jFregtiency.— Generally  speaking,  any  frequency  from  180  r\^>  downwards 
may  be  chosen,  vaiying  the  speed  accordingly.  Bnt  with  high  frequencies  the 
no-load  cnirent  becomes  great,  and  the  phase  displacement  is  increased. 

The  author  sums  up  by  saying  that  polyphase  motors  have  only  one  advantage 
over  single-phase,  and  that  is,  their  greater  starting  torque ;  and  in  cases  where 
this  is  of  no  use  ordinary  alternate  currents  should  be  used.  It  is  a  mistake  to 
always  use  induction  motors  with  alternating  currents ;  the  synchronous  form  should 
always  be  used  where  possible,  the  latter  haying  the  advantage  of  no  phase 
displacement,  thus  making  the  no-load  current  negligible,  and  the  load  current 
proportional  to  the  output,  as  in  the  direct-current  form.  A  polyphase  synchronous 
motor  starts  itself  on  light  loads.  It  was,  therefore,  a  mistake  to  use  a  non- 
synchronous  motor  in  the  historic  Lauffen-Frankfort  power  transmission. 


Zhr. .  aBSXKfBSCKBVBVBCK-INCBBASING  THE  NUMBER  OF  EX- 
CITING PHASES  FOB  THE  PBODUCTION  OF  BOTARY  MAG- 
NETIC FIELDS. 

CElekirotechnitche  Zeitschri/t,  1894,  No.  8,/?.  86.) 

If  a  magnet  be  surrounded  by  two  coils  through  which  alternating  currents 
of  different  phase  are  passed,  each  having  the  same  effective  magnetising  force, 
the  magnetisation  of  the  iron  takes  a  phase  intermediate  between  those  of  the 
exciting  currents.  If  two  equal  currents  differing  90°  in  phase  be  passed  through 
coils  having  w^  turns,  the  magneto-motive  force  is  proportional  to 

By  the  same  means  it  is  possible  with  an  uns3rmmetrical  arrangement  of  the  given 
phases— for  instance,  in  a  two-phase  system  with  60°  phase  displacement — to  obtain 
a  symmetricid  distribution  of  field.  In  the  instance  given,  by  suitable  combinations, 
fields  may  be  obtained  in  six  phases  regularly  distributed  at  intervals  of  60°.  A 
generalised  formula  is  given  for  increasing  to  any  extent  the  number  of  phases 
from  two  upwards. 

A.  RAPS— BEGISTERING  VOLTMETEB. 

(EUktrotechnische  Zeitsekrift,  1894,  No.  1,  p.  16.) 

This  voltmeter  is  of  the  photofnttphic  recording  type,  and  is  remarkable  for 
its  simplicity  of  construction.  It  consists  essentially  of  a  light-tight  box,  in  which 
a  drum  rotates  on  which  the  sensitive  paper  is  stretched.  The  box  has  a  slit  on 
one  side,  the  paper  passing  close  behind  it.  Immediately  in  front  of  the  slit 
passes  the  hand  of  the  indicating  voltmeter,  and  in  front  of  this  again  is  a  lamp, 
which  throws  an  image  of  the  slit  on  the  sensitive  paper.  As  this  rotates,  the 
shadow  of  the  hand  of  the  indicating  voltmeter  produces  a  white  line  on  a  dark 
background  (after  development).  There  is  no  printing  on  the  paper.  The  lines 
indicating  volts  are  produced  photographically  by  the  shadows  of  wires  stretched 
across  the  slit  in  the  required  position ;  while  a  glass  disc  rotates,  by  the  action  of 
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gearing  teal  the  dram,  in  front  of  the  slit,  and,  being  marked  with  radial  lines 
and  figoreif  throws  shadows  on  the  paper  when  tiiese  cross  the  slit.  'There  is 
therefore  no  adjustment  of  tension  required^  and  no  unequal  expansion  of  the 
pstper  affects  the  aconraey  of  the  record.  Any  suitable  indicating  voltmeter  can 
be' used,  the  scale  being  mailed  hy  the  cross  wires  in  a  suitable  manner. 

ntere  are  atrattgemaaM  piorided  for  introducing  fre^  paper  without  risk  of 
exposure  to  lights  and  derelopment  and  fixation  also  may  be  cbhducted  in  full 
di^ight  f  no  skill  being  required  for  the  latter  operations,  as  the  record  need  only 
be  Mbjeeted  to  the  action  of  the  dereloper  for  a  given  time,  the  exposure  being 
perfectly  ngular.  The  AUgemelne  Elektricitats  Oesellschaft  are  the  manufac- 
turers of  this  voltmeter. 


ProfiMWor  e.  K.  KZHCKZV— THE  ACTION  OF  ELECTRO-MAGNETIC 
RADIATIONS  ON  FILMS  CONTAININO  METALLIC  POWDERS. 

{Philosophical  Magazine,  Vol,  37,  No,  ^24,  jo.  90.) 

Monsieur  E.  Branly  discovered  that  a  glass  tube  filled  with  copper  filings  so 
closely  as  to  form  an  apparently  continuous  column  of  metal  is  in  a  sensitive  state 
as  regards  eonductlrity,  and  can  be  made  either  a  conductor  or  a  non-conductor  by 
tapping  the  tube. 

Mr.  Croft,  at  the  Physical  Society,  showed  that,  when  the  tube  is  a  non- 
conductor, if  ft  spariL  be  passed  anywhere  in  the  neighbourhood  between  the  knobs 
of  a  Leyden  jar  <^  the  poles  of  an  induction  coil,  the  electro-magaetic  radiations 
reader  the  column  a  conductor.  This  experiment  struck  the  author  as  having  a 
resemblance  to  the  effects  of  radiation  on  photo-electric  impulsion  cells  (Philo- 
mpkical  Magaxine,  March,  1S91),  in  which  case  it  was  found  that,  generally 
epeaking,  the  length  of  the  electro-magnetic  waves  has  an  influence  on  the 
phenomena,  only  certain  wave-lengths  being  competent  to  produce  the  effects. 
In  reproducing  Monsieur  Branly's  experiments,  the  author  finds  that  the  powders 
should  not  be  too  eoarse  nor  too  fine  to  produce  the  best  results. 

The  author  has  also  experimented  in  the  following  manner: — He  takes  a  glass 
plate  on  which  he  forms,  by  means  of  gelatine  or  collodion  shaken  up  with 
metallic  powder,  a  film,  the  layer  next  the  plate  being  the  metallic  film  used. 
Now,  if  the  film  be  clamped  in  one  place  by  a  suitable  metallic  clip,  forming  one 
tOTminal  of  the  circuit,  and  touched  at  another  point  by  the  other  terminal,  it  is 
loimd  that  no  conduction  takes  place,  even  when  an  induction  coil  is  sparking  a 
few  feet  from  the  film.  But  if  the  circuit  be  touched  at  any  point  on  the  wires 
leading  to  the  film  with  an  electrified  body,  the  insulation  breaks  down  and  a 
current  passes ;  and  gradually  the  distance  between  the  terminals  can  be  increased, 
touching  the  circuit  with  an  electrified  body  at  each  step,  until  the  whole  film 
becomes  conducting.  A  curious  point  is  that  if,  when  the  film  is  conducting,  the 
circuit  be  broken  by  removing  the  terminal  knob  from  the  film,  the  latter  becomes 
a  non-conductor ;  but  if  circuit  be  broken  at  any  other  point,  the  film  remains  a 
conductor  for  (apparently)  any  length  of  time.  Breaking  circuit  at  the  film 
imttUitly  destroys  its  conductivity,  unless  it  is  an  old  one,  in  which  case  an  appre- 
ciable thne,  ny  half  a  minute,  must  elapse  before  remaking  the  circuit  in  order 
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to  effect  a  deitnietioa  of  the  conductiTitf .  The  enthor  costtden  tfik  due  to  the 
hiiidniiee  eeiieed  to  the  morement  oi  the  particlee  bj  the  heideoiag  of  the  gelatine 
orcollodkm  film. 

Theee  fihns  are  lest  seneitire  to  merhanioJ  diftnrbanees  than  the  tnbes  of 
filing!.  Heat  does  not  appear  to  affect  them;  hot  tiie  condiictiTttj  can  be 
dettrofed  bj  moistnie,  being  alwaji  rntored  bj  electro-magnetie  radtetionn.  The 
moce  rapid  TibiatioQs  of  li^  do  not  seem  to  affect  the  films. 

The  author  ooonden  the  prime  caose  of  the  actkm  to  be  the  electrical  eaigingi 
in  the  wiiee  touched  bj  the  electrified  bodj  or  affected  bj  the  radiation;  bat  the 
stato  of  the  film  at  the  points  of  contact  affects  the  results  Terj  mneh.  These 
phenomena  are  closely  allied  to  those  of  impulsion  cell?. 


Piefswoi  OUTBB  LODOB^ON  THE  SUDDEN  ACQUISITION 
OF  CONDUCTING  POWER  BY  A  SERIES  OP  DISCRETE 
METALLIC    PARTICLES. 

(Phiio9ophicai  Magazine,  Vol  37,  No.  224,  p.  94.) 

The  author  is  reminded  br  Mr.  Cioft  and  Professor  >Gnchin*s  experiments  of  an 
obserratkm  made  bj  himself  when  engaged  on  the  syntonic  arrangement  of  Leyden 
jar  circuits.  He  found  that,  if  the  knobs  of  the  receiver  were  very  dose  together,  a 
weak  battoiy  and  bell  being  in  circuit,  the  oocurreoce  of  a  spark  at  the  receirer 
knobt  set  the  bell  ringing  for  some  time,  and  showing  feeble  contact  between  the 
knobs.  The  effect  was  as  if  the  skin  had  been  broken  so  as  to  cause  adhesion  to 
set  in  at  matt  than  the  usual  distance.  Analogous  are  Lord  Rayleigh's  oboenrations 
that  electrified  sealing  wax  near  a  vertical  water  jet  caused  coherence  of  drops  that 
would  otherwise  have  rebounded,  and  that  a  difference  of  potential  of  one  or  two 
Yolts  caused  a  pair  of  impinging  jets  to  cease  to  rebound.  The  adhesion  of  dust 
particles  in  electrified  air  is  a  more  violent  variety  of  the  same  kind  of  effect. 
The  author  explains  Lord  Rayleigh^s  experiments  electrolytically  as  due  to  the 
polarisation  of  the  water  drops,  or  the  formation  in  each  drop  oi  molecular 
chains,  each  with  a  negatively  charged  oxygen  atom  at  one  end  and  a  positively 
charged  hydrogen  atom  at  the  other.  Such  drops  colliding  about  their  poles 
would  be  attracted  not  only  by  the  ordinary  cohesive  forces,  but  also  by  electro- 
static forces,  and  thus  cohesion  might  be  set  up  over  a  greater  than  usual  range. 
The  author  suggests  that  the  conductivity  of  a  chain  of  filings  under  polarising 
influence  may  be  due  to  a  similar  cause,  and  the  interruption  by  a  tap  is  easily 
explicable.    Not  so  the  restoration  of  conductivity  by  a  tap,  if  this  be  a  fact. 


U.  BBKH— ON   THE    STRIATED    ARRANGEMENT    OF    GALVANIC 

DEPOSITS. 

( Wiedemann's  AnnaJen,   Vol,    61,  No,    1,  p,    106.) 

The  article  is  one  of  some  interest,  and  is  well  illustrated  by  numerous  photo- 
graphs showing  the  striated  arraogement  of  deposits  of  various  metab  as  produced 
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under  the  conditions  described.  The  author  comes  to  the  following  conclusions : — 
The  striated  arrangement  of  galvanic  deposits  has  for  cause  the  alterations  in 
strength  of  solution  which  produce  currents  of  the  liquid  during  the  electrolysis. 
In  the  case  of  silver  nitrate  the  striations  are  best  produced  with  a  strong  solution 
and  weak  current-density.  A  high  temperature  appears  also  to  be  favourable  to 
their  formation.  The  B.M.F.  applied  has  no  influence  on  the  character  of  the 
results.  The  same  effects  are  produced  by  electrolysis  of  copper  sulphate,  the  chief 
point  here  being  also  a  low  current-density ;  but  the  strength  of  solution  does  not 
affect  the  results  to  the  same  extent  The  same  phenomena  are  observed  in  the 
case  of  acetate  of  lead  and  sulphate  of  zinc,  but  with  diminished  intensity.  Nickel 
salts  appear  always  to  give  smooth  deposits. 
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The  Two  Hundred  and  Sixty-first  Ordinary  General  Meeting 
of  the  Institution  was  held  at  the  Institution  of  Civil 
Engineers,  25^  G-reat  G-eorge  Street,  Westminster,  on  Thurs- 
day evening,  March  8th,  1894 — ^Mr.  Alexander  Siemens, 
President,  in  the  Chair. 

The  minutes  of  the  Ordinary  G-eneral  Meeting  of  February 
22nd,  1894,  were  read  and  approved. 

The  names  of  new  candidates  for  election  into  the  Institution 
were  announced  and  ordered  to  be  suspended. 

The  following   transfers  were    announced    as    having  been 
approved  by  the  Council : — 

From  the  class  of  Associates  to  that  of  Members — 
Francis  Hastings  Medhurst. 

From  the  class  of  Students  to  that  of  Associates — 

Frank  Cobden  Briggs. 
Cecil  Charles  Fowler. 
Leopold  William  Heath. 
John  Leggat. 


A.  G.  Newington. 
Percy  W.  Paget. 
Hastings  Squire. 
Henry  Cr.  Wood. 


Mr.  C.  C.  Hawkins  and  Mr.  J.  T.  Morris  were  appointed 
scrutineers  of  the  ballot. 
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Donatioos  to  the  libraiy  were  annoimced  as  having  been 
reoeiTed  smoe  the  last  meetiiig  finom  Messrs.  Alabaster,  Gratehouse, 
A  Co. ;  GM^iaatiTe  Whcdesale  Sod^es^  Limited ;  the  Secretary 
of  State  for  India;  and  Mr.  W.  H.  Blakeney,  Member ;  to  whom 
the  thanks  of  the  meeting  were  duly  aocturded. 

The  £dlowing  paper  was  then  read : — 

ON  PARALLEL  WORKING,  WITH  SPECIAL  REFERENCE 
TO  LONG  LINES. 

By  W.  M.  MoBDET,  Member. 

3if.  Morrkj.  jjj  jijg  reply  at  the  end  of  the  discossion  on  his  Niagara  paper, 
Professor  Forbes  aUnded*  to  some  experiments  which  he  had 
witnessed,  and  which  he  considered  showed  that  alternators  of 
my  design  wonld  not  ran  properly  in  parallel.  The  passage 
is  as  follows: — ^^'At  the  time  when  I  recommended  the 
^Mordey  machine  I  said  that,  before  deciding  to  adopt  it, 
*^  tests  most  be  made  with  a  resistance  between  the  dynamos 
^in  paralleL  Does  Mr.  Mordey  forget  that,  when  he  kindly 
^placed  at  my  disposal  the  means  of  making  this  test,  by 
^  patting  <  snnbeam '  lamps  in  series — ^that  is  to  say,  between 
^the  two  dynamos  working  in  parallel — the  lamps  went  up 
^^and  down  in  brightness  with  the  periodicity  of  a  few 
^'seconds,  and  that  the  tendency  was  to  rise  to  maximum 
'^brilliancy,  showing  that  the  dynamos  were  rather  woridng  in 
'^ series  than  in  parallel?  From  the  moment  of  those  experi- 
*'  ment^  I  felt  that  that  type  of  machine  was  not  suited  for  our 
^  purposes,  though  I  never  mentioned  that,  until  I  was  compelled 
*^  to  by  Mr.  Mordey's  claims  for  his  spedal  mode  of  working." 
I  heard  his  remarks  with  the  utmost  astonishment,  as  the  experi- 
ments, rightly  interpreted,  appeared  to  afford  the  very  strongest 
proof  of  the  exceedingly  powerful  synchronising  effort  exerted 
by  these  machines,  and  because  I  then  heard  a  contrary  view 
expressed  for  the  first  time. 

And  in  another  passage  Professor  Forbes   stated  that  they 
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must  have  alternators  at  Niagara  that  will  run  without  anyHr.  Morde; 
synchronising  or  waste  current. 

The  matter  is  of  some  moment,  and  demands  an  explanation. 
With  your  permission,  I  will  make  this  explanation  the  text  and 
starting  point  of  a  paper  on  parallel  working,  and  on  the  allied 
subject  of  the  use  of  alternators  as  synchronous  motors.  The  experi- 
ments were  made  in  July,  1891,  and  were  the  subject  of  a  leading 
article  in  the  Mectricicm  of  July  16th,  1891,  and  were  mentioned 
in  the  Electrical  Review  and  elsewhere,  in  each  case  as  having 
afforded  an  illustration  of  the  thoroughly  satis&ctory  parallel  work- 
ing of  alternators  when  directly  coupled  to  high-speed  engines— a 
matter  with  regard  to  which  there  was  at  that  time  some 
uncertainty.  It  had  been  supposed  that  some  flexible  or  yielding 
coupling  was  necessary  between  the  engine  and  alternator.  For 
my  own  part,  I  never  had  any  doubt  on  the  subject;  but 
in  order  to  place  the  matter  beyond  dispute  some  tests 
were  carried  out  by  the  Brush  Electrical  Engineering  Company 
and  Messrs.  Willans  &  Robinson.  The  former  provided  two  of 
my  alternators,  the  latter  fitted  them  to  two  Willans  engines. 
Amongst  others,  Professor  Forbes  received  an  invitation  to 
witness  the  trial,  and  was  present. 

When  all  the  tests  of  ordinary  parallel  working  had .  been 
satis&ctorily  carried  out — including  shutting  the  steam  off  the 
engine  driving  one  of  the  alternators,  and  then  applying  a 
brake  to  its  fly-wheel  in  a  vain  attempt  to  force  it  out  of 
step — a  further  test  was  made  (as  an  interesting  experiment 
bearing  on  the  subject  of  synchronous  motors)  to  ascertain 
what  would  occur  if  the  two  alternators  were  coupled  together 
with  a  resistance  between  them  so  great  that  the  resist- 
ance alone  would  be  sufficient  to  absorb  the  whole  power 
of  one  machine,  even  if  the  machine  at  the  other  end  were  at 
rest;  and  the  remarkable  &ct  was  established  that  even  under 
these  conditions  (which  would  be  absolutely  absurd  or  impossible 
in  practice)  the  two  machines  did  not  break  out  of  step. 

The  resistance  used  coDsisted  of  ^'sunbeam"  lamps,  which 
happened  to  be  the  only  suitable  resistance  available.  These  lamps, 
being  made  for  80  volts  and  about  5  amperes,  would  have  a 
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Jr.  Moniey.  resistance,  hot,  of  about  20  ohms  each,  and  a  much  higher 
resistance  when  cold — probably  more  than  30  ohms.  Seven  of 
these  lamps  were  placed  in  series  between  the  alternators. 
There  was  no  other  external  circuit.  It  was  then  found  that 
there  was  a  current  passing  through  them  which  rose  and 
fell  with  a  slow  pulsation;  the  alternators,  although  not 
actually  breaking  out  of  step,  evidently  getting  a  good  deal 
out  of  true  oo-phasal  synchronism,  and  only  being  pulled 
in  when  this  slowly  pulsating  current  rose  to  a  considerable 
amount.  Synchronism  being  regained,  the  current  decreased 
again.  This  current  was  not  measured,  but  was  probably 
about  7  amperes,  as  the  lamps  were  a  good  deal  over-incandesced. 
The  experiment  was  then  discontinued. 

Properly  interpreted,  this  test  appeared  to  show  that, 
even  when  a  line  of  an  enormously  high  resistance  was  inter- 
posed between  two  alternators  arranged  to  run  in  parallel  (or 
one  as  generator,  the  other  as  synchronous  motor),  and  when  no 
adjustments  were  made  to  help  them  to  keep  together,  the  ten- 
dency to  get  out  of  step  was  corrected  with  a  surprising  amount 
of  success;  the  correction,  instead  of  being  instantaneous  and 
powerful,  as  with  machines  connected  through  a  small  resistance 
only,  being  sluggish,  and  greatly  weakened  by  the  effect  of 
the  very  high  resistance  of  the  line. 

To  show  how  utterly  unfair  and  unjust  Professor  Forbes^s 
interpretation  is,  and  to  reassure  those  who  may  desire  to  use 
synchronous  motors,  it  is  only  necessary  briefly  to  examine  the 
conditions  of  the  test. 

The  two  alternators  used  in  the  experiment  were  37*5-kilowatt 
2,000-volt  machines.  At  full  load  each  would  therefore  give  nearly 
20  amperes.  Now,  suppose  it  is  desired  to  run  one  machine  as 
a  generator^  driving  the  other  as  a  synchronous  motor  (to  take  the 
illustration  that  may  best  suit  the  case  of  power  transmission 
over  a  considerable  distance),  it  will  be  seen  that,  if  the  line  is  to 
be  designed  to  give  such  a  percentage  loss  as  is  proposed  for  the 
Niagara-Buffalo  transmission  (that  is,  3*5  per  cent.),*  the  loss  at 
full  load  should  be  70  volts,  tad,  the  maximum  current  being,  say, 
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20  amperes,  ifie  lime  resistance  should  be  S*5  ohms.  In  the  actual  ^r.  Monicy 
experiment,  the  machines  did  not  break  out  of  step  even  when 
the  line  resistance  was  more  them  100  ohms — ^that  is,  relatively 
more  than  30  times  greater  than  Professor  Forbes  proposes  to 
use  even  for  his  long-distance  transmission.  This  is  the  more 
striking  as  a  proof  of  their  powerful  synchronising  when  it 
is  considered  that,  even  if  it  had  been  intended  to  expend 
the  whole  power  of  the  generator  in  the  line,  that  line  should 
only  have  had  a  resistance  of  100  ohms.  That  these  machines 
did  not  act  quite  perfectly  in  parallel  under  these  conditions, 
even  with  no  load,  is  not  to  be  wondered  at.  The  only 
cause  for  surprise  is  that  they  exerted  any  sensible  syn- 
chronising effort  at  all.  It  is  exactly  as  if  an  attempt  had  been 
made  to  run  two  1,200-kilowatt  alternators  in  parallel  through 
a  line  constructed  to  allow  a  reasonable  loss  for  a  couple  of 
40-kilowatt  machines.  Even  unloaded,  such  a  test  would  be 
unreasonable. 

I  now  wish  to  refer  to  the  "  hunting,*'  or  regular  pulsation  of 
current,  shown  by  the  slow  changing  of  the  lamps  from  blackness 
to  high  incandescence,  which  is  a  matter  of  considerable  interest. 
It  may  have  been  caused  by  self-induction,  or,  as,  in  this 
connection,  it  is  sometimes  termed,  armature  reaction — that 
is,  the  effect  of  the  self-induced  field  produced  by  the  armature  in 
disturbing  the  impressed  field  of  the  field  magnet.  Although  this 
effect  may  in  some  cases  be  considerable,  I  think  we  must  look 
elsewhere  for  it  in  this  case,  because  in  the  machines  in  question 
such  reaction  would  have  been  inconsiderable,  even  if  the  phase 
relation  had  been  most  feivourable  to  it.  This  I  may  illustrate 
by  saying  that  if  the  armature  current  had  been  commuted, 
and  passed  round  coils  on  the  field  poles  having  turns  equal  in 
number  to  the  armature  coils,  the  effect  on  the  field  would 
have  been  inconsiderable. 

I  think  an  explanation  of  the  "hunting"  will  be  found 
in  the  character  of  the  resistance,  and  in  the  governors  of 
the  engines. 

The  change  in  the  resistance  of  the  lamps  accounts  largely 
for  the  pulsation.     When  black  they  would  interpose  a  very  high 
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Morde^.  resistance — ^probably  about  200  ohms — ^then,  as  the  machine  got 
a  little  out  of  step,  the  synchronising  current  would  heat  them, 
reduce  their  resistance,  allow  a  much  readier  transfer  of  power, 
and  so  bring  about  a  restoration  of  true  synchronism,  and  a  re- 
duction of  current  through  the  lamps.  This  series  of  effects,  being 
constantly  repeated,  goes  a  good  way  towards  explaining  the 
pulsation.  Probably  without  this  lowering  of  the  resistance  by 
the  incandescing  of  the  lamps,  synchronism  would  not  have  been 
maintained  at  all. 

Then,  again,  the  governors  of  the  engines  must  be  considered. 
If  they  pulsated  with  the  same  period,  but  opposite  phase,  the 
action  is  explained;  they  would,  at  any  rate,  accentuate  the 
"  hunting,"  if  they  did  not  start  it.  Messrs.  Willans  &  Robinson 
have  kindly  sent  me  an  indicator  card,  taken  by  Mr.  Willans  at 
the  time,  which  supports  this  view,  the  steam  being  shown  as 
having  been  widely  varied  during  the  taking  of  the  card. 


Fio.  1. 

This  must  not  in  any  way  be  taken  as  a  reflection  on  the 
governors.  The  conditions  were  very  trying  for  any  governors, 
there  being  no  load,  and  no  opportunity  occurred  of  specially 
adjusting  them.  If  we  had  governed  by  hand  at  the  stop  valve, 
this  "hunting"  would  not  have  occurred.  Nor  would  it  have 
occurred  if  we  had  adjusted  the  E.M.F.  of  one  machine  so  as  to 
allow  it  to  run  as  a  motor  all  the  time.  What  happened 
appeared  to  be  a  repeated  change  in  the  functions  of  the  two 
machines,  from  generator  to  motor — first  one  racing,  and  then 
the  other,  driving  the  second  one  as  a  motor. 

The  condition  of  entire  absence  of  synchronising  current  or 
of  correction  can  only  be  obtained  by  driving  by  engines  that  are 
very  even  in  power  always.  I  think  this  is  more  likely  to  be 
approached    by  turbines    than    by  reciprocating    engines.     By 
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**  synchronising  current "  I  do  not  mean  necessarily  an  actual  Mr.  Morde.x . 
current  passing  irom  one  alternator  to  the  other — ^this  only  occurs 
when  one  of  them  is  driven  as  a  motor— I  mean  the  variations 
of  the  current  contributed  by  each  machine  to  the  circuit.  But 
I  would  like  to  point  out  that  the  condition  laid  down  by  Pro- 
fessor Forbes  as  an  essential — namely,  that  they  must  have 
alternators,  at  Niagara  that  will  run  without  any  synchronising 
or  waste  current — ^is  an  absolute  impossiblity. 

Alternators  will  run  without  synchronising  current  only  when 
there  is  no  necessity  for  them  to  exert  any  synchronising  effort. 
However,  I  am  glad  to  find  that  Professor  Forbes  has  set 
himself  to  solve  this  problem  of  getting  an  alternator  motor  to 
run  without  any  current  (for  that  is  what  it  amounts  to),  because 
I  am  sure  that  in  solving  it  he  will  also  have  disposed  for  ever  of 
that  other  interesting  problem — making  a  motor  that  will  run 
without  any  back  electro-motive  force.  This  is  a  new  and 
significant  outcrop  of  the  "  perpetual  motion  "  idea. 

I  am  sure  that  if  Professor  Forbes  had  really  considered  or 
understood  this  matter  he  would  not  have  expressed  the  opinion 
which  I  have  quoted.  At  the  same  time,  I  wish  to  say  I  am 
convinced  that  his  criticism  was  not  un&ir  by  intention. 

The  necessity  for  correcting  a  &lse  impression  has  forced  me 
to  take  the  first  opportunity  of  bringing  this  matter  before  the 
Institution.  I  regret  that  Professor  Forbes  is  abroad,  but  he  will 
of  course  have  an  opportunity  of  sending  on  for  the  Jov/mal  any 
observations  he  may  wish  to  make. 

It  was  not  my  intention  to  do  more  than  make  the  above 
explanation,  feeling  sure  that  it  would  be  sufficient  to  enable  the 
Institution  to  form  a  correct  judgment  on  the  circumstances ;  but 
as  I  am  permitted  to  occupy  more  of  your  time  than  I  expected, 
I  wish  to  refer  to  some  tests  that  I  have  been  able  to  make. 

It  appeared  desirable  to  give  the  results  of  actual  trials, 
preferably  working  one  machine  as  a  synchronous  motor,  and  not 
merely  as  one  of  a  pair  of  parallel  connected  generators. 

It  will  be  granted  that  the  action  of  synchronous  motors  and 
of  parallel  alternators  is  very  similar.     But  with  regard  to  the 
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Mr.  Mordey.  trials  jost  referred  to  it  might  feirly  be  argued  that  as  each 
alternator  had  a  steam  engine  behind  it,  on  which  it  could 
faH  back  for  assistance,  something  more  is  wanted  to  actually 
prove  that  the  explanation  is  applicable  to  the  case  of  a  synchron- 
ous motor  relying  entirely  on  its  own  motor  properties. 

I  am  therefore  glad  to  be  able  to  place  before  you  the  results 
of  some  tests  made  in  the  works  of  the  Brush  Company. 

Some  Tests  op  a  25-Kilowatt  Mordey-Victoria  Alternator 
USED  AS  A  Motor. 

This  test  was  carried  out  by  my  instructions  on  February  18th, 
1891,  four  months  before  that  witnessed  by  Professor  Forbes. 

A  2,000-volt  25-kilowatt  alternator  was  run  as  a  motor, 
driven  by  a  37*5-kilowatt  generator.  The  motor  drove  a  dynamo 
which  was  loaded  until  the  alternator  motor  was  taking  about  its 
ftdl  normal  current,  it  being  assumed  that  this  represented  full 
power.  Separate  tests*  have  proved  this  assumption  to  be 
justified.  The  following  readings  were  taken  with  a  resistance  of 
straight  platinoid  wire  between  the  machines : — 

Test  A. 

Volti.  Volts.  Resistance 

Generator  Motor  Amperes.  in  Line. 

Terminals.        Terminals.  Ohma 

2,340  2,002  13-74  32 

2,358  1,932  13  48 

The  volts  of  the  generator  were  raised  above  the  motor  volts 
sufficient  to  supply  approximately  the  line  loss. 

This  test  was  quite  satis&ctory,  and  of  course  settled,  so  &r  as 
we  were  concerned,  any  question  that  might  at  any  time  arise  as 
to  power  transmission  over  long  lines  by  synchronous  motors — a 
matter  that  was  irom  time  to  time  coming  up  in  connection  with 
proposed  installations.  As  a  result,  I  always  considered  it  quite 
safe  to  quote  for  work  up  to  a  line  loss  of  20  per  cent.  But,  my 
attention  being  recalled  to  the  subject  by  the  extraordinary  state- 
ments of  Professor  Forbes,  I  took  the  opportunity,  after  writing 
the  foregoing  explanation,  to  make  some  tests  having  a  particular 
bearing  on  the  details  of  the  question  before  us.     In  some  respects 
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they  are  rather  wanting  in  completeness — I  was  not  always  able  ^-  Mordey. 
to  carry  them  as  &r  as  I  wished — ^but  I  feel  sure  that  you  will 
approve  of  my  supplementing  my  explanation  by  an  account  of 
such  tests  as  the  fisunUties  at  my  disposal  at  the  moment  rendered 
possible. 

Tests  of  50-Kilowatt  Alternator  as  a  Motor. 
The  object  of  these  tests  was  to  ascertain  the  effect  of  insert- 
ing resistance  between  two  alternators  one  of  which  ran  without 
load  as  a  synchronous  motor. 
It  was  desired  to  find — 
(a)  What  resistance  was  required  to  cause  the  motor  to  fall 

out  of  step ; 
(6)  How  much  the  current  varied ;  and 
(c)  Whether  any  "  hunting,'*  or  pulsation,  was  set  up. 
Two  similar  2,000-volt  50-kilowatt  alternators  were  used. 
Oenerator. — ^This  was  driven  by  a  separate  engine  capable  of 
working  it  up  to  full  load.     It  was  run  without  governor,  and 
controlled  by  hand  at  the  throttle  valve. 

Motor. — ^This  was  started  and  brought  up  to  synchronism  by 
a  small  direct-current  motor,  driving  by  a  belt  which  was  thrown 
off  as  soon  as  the  large  motor  was  running  synchronously. 

The  two  machines  were  excited  from  a  separate  dynamo,  their 
fields  being  in  parallel. 

The  E.M.F.  at  the  generator  terminals  was  measured,  and  the 
current  from  armature  to  armature.  The  field  currents  were  not 
measured,  nor  the  E.M.F.  at  the  motor  terminals. 

The  generator  was  excited  to  give  2,000  volts,  and  then  the 
motor  field  was  adjusted  till  the  current  received  by  the  armature 
was  a  minimum.  This  will  be  understood  from  Fig.  2,  which  is 
reproduced  from  a  paper  I  had  the  honour  of  reading  before  this 
Institution  last  year.* 

It  may  be  remembered  that  I  showed  that  there  is  a  well- 
marked  excitation  that  reduces  the  armature  current  to  a 
im'ninrninn  for  any  given  load,  and  therefore  gives  a  maximum 
power-factor  and  maximum   efficiency.      If  the  excitation    be 

*  "  On  Testing  and  Working  Alternators,*'  Journal,  xxii.,  p.  128,  Feb.  28, 1898. 
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Mr.  Mordey.  Varied  OB  either  side  of  that  value,  the  armature,  current  taken 
by  the  motor  rapidly  increases. 
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Ipn  working  a  motor  it  is  desirable  always  to  adjust  the  excita- 
tion till  the  bottom  of  this  V  curve  is  reached — that  is  to  say, 
until  the  armature  current  is  a  minimum.  In  the  case  before  us 
this  current  was  found  to  be  1*6  amperes*  Having  got  this, 
the  excitation  was  not  disturbed,  and  the  following  readings  were 
taken : — 
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Test  B,  Mr.  Mordei*. 


Volts  at 
Generator 
Tenninals. 

2,000 

Current. 

1-6 

Resistance  in 
External  Cir- 
cuit between 
Generator  and 
Motor. 
0 

Remarks. 
Current  steady. 

» 

1-6 

10 

» 

jj 

1-6 

20 

99 

» 

1-7 

35 

99 

99 

3-5 

63 

99 

99 

3-6 

69 

C  Current    rather 
(^     unsteady. 

9^ 

5-3 

77 

^  Current  increased 

» 

— 

90 

rapidly  at  this 

point,  and  the 

^      motor    slipped 

1      quietly  out  of 

(^     step. 

In  the  first  place,  it  is  to  be  noted  that  there  was  no  "hunting," 
or  pulsation.    The  unsteadiness  of  the  current  was  not  regular. 

Examining  this  test  with  a  view  to  its  practical  aspects,  it 
will  be  seen  that  it  fully  supports  the  explanation  given  at  the 
commencement. 

Applying  to  it  a  similar  comparison,  we   see  that,  as  the 

alternators  were  2,000-volt  50-kilowatt  machines,  a  line  proper  to 

these,  in  order  to  comply  with  the  Niagara-Buffalo  condition  of 

allowing  a  loss  of  3*5  per  cent,  in  transmission,  should  have  a 

resistance  of 

2,000  X  3-5  _ 
25  X  100    -28<-. 

and  that  the  resistance  of  external  circuit  that  would  be  sufficient 

to  dispose  of  the  whole  load  of  the  generator,  supposing  it  to  be 

merely  working  on  that  resistance  as  a  load,  would  be 

2.000      «_ 
^^=80«. 

Exactly  as  in  the  case  of  the  trial  witnessed  by  Professor  Forbes, 
we  find  that  a  resistance  of  about  30  times  a  reasonable  working 
amount  had  to  be  inserted  before  synchronism  was  interfered  with, 
and  it  will  be  observed  that  more  than  20  ohms  had  to  be  inserted 
before  any  effect  appeared  to  be  produced. 
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MiwMordey.  But  It  may  be  said  that  the  line  loss,  even  with  this 
enormous  resistance,  is  comparatively  trifling,  as  the  current 
is  not  large,  and  that  there  ought  to  be  plenty  of  power  left 
to  keep  the  motor  in  step.  There  is  plenty  of  power,  but  it 
cannot  be  applied  to  the  motor  advantageously.  The  line  loss, 
even  with  5*3  amperes  and  77  ohms,  is  only  408  volts  and 
2,156  watts  (I  am  considering  only  resistance  and  current), 
whereas  the  generator  was  capable  of  supplying  50,000  watts. 
But  it  must  be  remembered  that,  the  E.M.F.  of  the  motor 
being  kept  up,  it  can  only  receive  current  under  these  con- 
ditions by  letting  itself  get  partly  out  of  phase  (and  so  into  a 
disadvantageous  position),  and  that  then  every  increase  of  current 
intensifies  the  evil  by  causing  a  further  loss  of  volts  on  the  line, 
and  therefore  a  further  reduction  in  the  E.M.F.  impressed  on  the 
motor.  Had  I  lowered  the  E.M.F.  of  the  motor,  or  increased 
the  E.M.F.  of  the  generator,  the  line  resistance  could  have 
been  still  further  increased  without  loss  of  synchronism.  Such 
a  change  of  the  relative  E.M.F.'s  of  the  motor  and  of  the 
generator  would  have  allowed  current  to  get  into  the  motor  against 
the  lower  ordinates  of  its  E.M.F.  waves,  without  the  necessity  for 
any  serious  shifting  of  phase.  If  the  motor  E.M.F.  had  been 
lowered  in  this  way  the  driving  current  would  have  increased,  and 
synchronism  would  have  been  maintained  much  longer  and 
through  a  higher  line  resistance,  and  would  finally  have  been  lost 
by  the  power  being  wasted  in  the  line,  and  by  '^armature 
"reaction"  on  a  weakened  field. 

Or,  again,  if  the  excitation  of  the  motor  had  been  raised,  it 
should  be  found  that  it  would  go  out  of  step  with  a  smaller  external 
resistance  than  before.  This  matter  is  of  practical  importance,  as 
perhaps  others  than  Professor  Forbes  may  wish  to  work  through 
a  line  30  times  too  long,  and  therefore  some  tests  were  made  to 
prove  the  truth  of  this  explanation. 

Teat  C. — The  machines  were  run  under  the  conditions  of  the 
fifth  line  of  the  readings  given  above — ^that  is,  with  the  excitation 
as  before,  and  with  an  external  resistance  of  63  ohms,  the 
current  being  3*5  amperes.  The  excitation  of  the  motor  was 
then  increased,  probably  about  20  per  cent.     Before  there  was 
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time  to  take  any  reading  the  motor  went  out  of  step.    This  was  Mr.  Morde> . 
satisfactory  as  proving  the  correctness  of  the  explanation. 

Test  D. — Another  test  was  made  with  the  motor  acting  as  a 
dynamotor  in  the  manner  shown  in  Fig.  3.* 


FiQ.  d. 

One  half,  M,  of  the  armature  winding  was  used  as  a  motor ;  the 
other  half,  Gr,  as  a  generator  working  on  a  separate  circuit,  B. 

In  this  instance  a  load  of  5  amperes  and  2,000  volts  was  put 
on  this  generator  portion,  the  lowest  armature  current  being 
obtained  with  an  exciting  current  of  about  11  amperes.  The 
field  of  this  dynamotor  was  then  reduced  from  1 1  to  6  amperes, 
but  it  did  not  show  any  signs  of  getting  out  of  step.  The  driving 
current  rose  to  15  or  16  amperes. 

But  on  increasing  the  dynamotor  field  to  17  amperes  it  went 
out  of  step,  the  driving  current  being  about  15  amperes.  This 
test  is  not  on  all  fours  with  the  other,  as  there  is  the  effect  to  be 
considered  of  the  varying  load  on  G-,  but  it  is  a  confirmation  in  a 
general  way  of  the  explanation. 

Test  E. — ^A  test  was  then  made  to  find,  when  working  with  no 
appreciable  resistance  between  the  machines,  whether  any 
**  hunting,"  or  pulsation,  was  set  up  by  varying  the  excitation  of 
the  motor  till  the  armature  current  rose  considerably  up  either 
slope  of  the  «  V" 

*  Also  reproduced  from  last  year's  paper. 
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Mr.  Mordey.  Qii  decreasing  the  excitation  till  the  armature  current  rose 

from  1*6  to  6  amperes  the  current  became  rather  unsteady  or 
irregular ;  the  motor  evidently  getting  a  little  out  of  step  some- 
times, and  being  pulled  in  by  slight  rushes  of  current  of  very  short 
duration,  which  probably  over-corrected  the  irregularity,  causing 
the  machine  to  run  for  an  instant  without  current,  or  to  act  as  a 
generator  and  itself  to  give  current — that  is,  to  act  as  an  electro- 
mechanical fly-wheel,  converting  mechanical  to  electrical  energy, 
and  vice  versa. 

On  increasing  the  excitation  again,  passing  the  bottom  of  the 
"  V,"  and  rising  up  the  opposite  slope  to  the  same  height  (about 
6  amperes),  it  was  found  that  the  current  was  rather  unsteadier 
than  imder  the  conditions  last  noted ;  that  is,  when  the  current 
was  about  6  amperes  it  was  rather  more  unsteady  in  a  strong  field 
than  in  a  weak  field. 

The  explanation  of  this  difference  is  that  with  a  weak  field 
the  motor  could  receive  current  during  its  whole  phase ; 
whereas  with  a  strengthened  field  the  E.M,F.  waves  would  be 
higher  than  those  of  the  generator,  and  some  want  of  co-phasal 
synchronism  would  be  needed  to  allow  current  to  get  in. 

In  neither  case  was  there  any  "hunting,**  or  regular  pulsation 
of  current. 

SoBiE  Tests  of  a  25-Kilowatt  Alternator  used  as  a  Motor. 

The  motor  in  this  case  was  arranged  to  drive  a  direct-current 
motor  by  means  of  which  a  load  could  be  put  on  it  that  would  be 
quite  constant  so  long  as  speed  was  constant.     It  was  desired — 

(a)  To  find  the  effect  of  placing  in  the  alternator  circuit 

various  amounts  of  resistance ; 

(b)  To  find  the  effect  on  the  steadiness. 

The  25-kilowatt  alternator  motor  was  driven  by  a  50-kilowatt 
alternator  as  generator. 

Test  F. — ^Motor  was  run  with  no  load  except  its  own  direot- 
coupled  exciter,  and  the  direct-cnrrent  dynamo,  which  in  this  case 
was  run  unexcited. 
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Effect  op  Eeduong  Motor  Excitation  as  Resistance  in     Mr.  Moitiey. 
External  Circuit  was  Increased. 


A. 

Oenerator. 

Voltt. 

A. 

Motor. 
Volte. 

Ampeiec 

Line 
BesUtance. 

Bemarks. 

2,000 

2,000 

2-23 

0 

Current  varying  a  little. 

1,980 

1,900 

3-7 

0 

Current  very  steady. 

2,040 

1,900 

3-6 

65 

» 

1,960 

1,840 

2'0 

65 

» 

1,950 

1,820 

2-23 

75 

n 

1,960 

1,800 

2-0 

.     85 

*t 

1,960 

1,780 

2-23 

95 

» 

1,960 

1,760 

2*23 

105 

» 

We  thus  see  a  ooniirmation  of  what  has  been  said  about 
steady  running  being  obtained,  even  with  a  very  large  resistance 
in  the  circuit,  if  there  is  a  sufficient  difference  between  volts  of 
generator  and  motor.  This  is  very  common  sense,  and  an  experi- 
ment to  prove  it  may  seem  superfluous. 

The  experiment  was  not  carried  further,  as  the  resistance  used 
was  the  greatest  available  at  the  moment.  This  light-load  test 
should  be  read  in  connection  with  the  ftdl-load  test  A. 

Test  0. — ^A  test  was  then  made  with  a  load  on  the 
direct-current  dynamo.  This  load  was  8  kilowatts,  and  was 
constant.  Allowing  for  friction,  and  various  losses  outside  of 
itself,  the  alternator  motor  was  doing  between  14  and  15  H.P. 


A. 

Qenentor. 

YoUb. 

A. 

Motor. 
Volta. 

Amperes. 

Power 

Developed, 

about 

H.P. 

Resist- 
ance. 

Remarks. 

2,040 
2,040 

2,040 
1,980 

7-0 
7-3 

14-5 

0 
6 

j  Current    hirlj 
I     steady. 

2,060 

2,000 

7-45 

n 

10 

99 

2,040 

1,900 

8-2 

39 

25 

Current  steadier. 

2,040 

1,740 

9-8 

99 

35 

Current  steady. 

2,120 

1,540 

11-0 

99 

45 

99 
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Mr.  Mord«ir.  In  this  is  Seen  the  gradual  increase  of  motor  current  as  the 
motor  volts  get  lower,  while  steadiness  rather  improves  with  the 
addition  of  length  (or  resistance)  of  line.  The  test  is  incom- 
plete, because  it  was  not  convenient  to  put  a  larger  load  on,  and 
therefore  the  motor  was  not  worked  up  to  full  power;  but  it 
is  confirmatory  of  Test  A.  It  is  interesting  to  observe,  with 
regard  to  this  test,  that  the  idle  current  was  very  smalL  For 
example,  the  first  reading  of  7  amperes  may  be  divided  into 
2*25  amperes  needed  to  drive  the  motor  and  its  exciter,  and  for 
friction  of  the  direct-current  dynamo  (see  Test  F) ;  and  into  4*75 
amperes  for  the  added  load  of  8  kilowatts.  The  dynamo  gave 
8  kilowatts,  and  the  motor  received  about  4*75  amperes  x  2,040 
volts  =  9,690  watts.  Allowing  for  the  losses  in  the  two  machines, 
it  will  be  recognised  that  the  transformation  was  not  only  very 
fairly  efficient,  but  that  the  power-factor  was  evidently  high. 

The  relative  lowering  of  the  E.M.F.  of  a  synchronous  motor 
is  a  necessity  in  order  to  obtain  good  results  in  power  trans- 
mission over  long  distances.  In  this  way  the  necessity  for  self- 
adjustment  by  the  motor  of  the  phase  relation  is  avoided,  the 
motor  being  enabled  to  work  (other  qualities  permitting) 
at  its  most  advantageous  phase  relation.  And  the  other  advan- 
tages are  retained  of  high  power-&ctor  (that  is,  a  small  idle 
current)  and  a  high  efficiency  of  generator,  motor,  and  line.  By 
this  means  it  will  be  found  possible  to  work  such  motors  over 
very  long  lines,  and  with  almost  any  desired  line  loss.  It  of 
course  has  its  counterpart  in  directKsurrent  power  transmission, 
but  there  is  a  difference.  In  one  case  the  speed  varies  and 
the  field  remains  constant;  in  the  other  the  speed  remains 
constant  and  the  field  must  be  varied.  It  is  not  necessary  to 
alter  the  excitation  of  a  direct-current  motor — ^its  speed  simply 
drops  or  rises  until  it  has  got  the  right  E.M.F.  With  an 
alternate-current  synchronous  motor  the  speed  cannot  drop. 
The  excitation  must  be  lowered  in  this  case  to  give  the  right 
E.M.F.  Failing  this,  the  motor  will  shift  its  phase  in  an 
endeavour  to  attain  the  same  result.  Of  course  in  the  direct- 
current  machine  the  speed  may  be  kept  up  by  lowering  the 
field. 
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Some  Tests  of  Two  100-Kilowatt  Alternators.  Mr.Mordey. 

Test  H, — ^By  the  kindness  of  the  City  of  London  Co.,  I 
was  enabled  to  make  a  trial  with  two  of  their  100-kilowatt 
alternators  at  Bankside,  with  the  object  of  finding  if,  under  the 
ordinary  conditions  of  the  station,  these  machines  would  work 
parallel  with  a  considerable  resistance  between  them  and  their 
load. 

For  this  purpose  a  load  of  about  100  kilowatts  was  put  on,  and 
the  two  alternators  were  made  to  supply  it  through  a  resistance  of 
7*5  ohms  in  the  external  circuit  of  each.  As  this  resistance  corre- 
sponds to  37-5  per  cent,  line  drop  at  full  load,  and  18'75  per  cent, 
drop  at  half  load,  it  is  a  fiedrly  severe  test.  It  was  found  that 
some  lamps  and  a  voltmeter  placed  across  the  load  (a  wire  resist- 
ance) kept  perfectly  steady. 

This,  of  course,  was  only  a  half-load  test. 

Test  J. — When  full  load,  or  nearly  ftdl  load,  was  on  both 
machines,  with  8  ohms  in  the  circuit  of  each,  there  was  a 
quit«  noticeable,  but  not  at  all  violent,  slow  pulsation  in  the 
synchroniser  lamp  direct  across  the  terminals  of  the  alternators ; 
but  at  the  load  the  pulsation  was  very  slight — barely  noticeable. 
My  impression  was  that  with  suitable  adjustments  this  would 
have  been  quite  a  practicable  arrangement — that  is,  to  feed  a 
lighting  system  from  two  alternators  parallel,  each  having  a 
20  per  cent,  line  loss  between  it  and  the  load — ^a  condition  that 
is  not  likely  to  present  itself  very  often. 

TesA  K. — ^An  attempt  was  then  made  to  run  the  two  machines 
parallel,  with  a  load  close  to  one  of  them,  but  separated  from  the 
other  by  a  line  of  16  ohms,  corresponding  to  a  line  loss  of 
about  40  per  cent.  The  machines  did  not  show  any  inclination  to 
get  out  of  step,  but  there  was  a  pulsation  of  the  E.M.F.  at  the  lamps 
(at  the  load)  of  about  4  or  5  per  cent.  The  result  of  this  test, 
as  carried  out,  was  not  good  enough  for  lighting;  although,  f 
time  and  facilities  had  allowed,  I  think  it  quite  likely  that  it 
could  have  been  made  satisfactory;  but  there  was  no  pulsation 
or  unsteadiness  of  a  kind  that  would  have  interfered  in  any  way 
with  power  transmission  work. 

It  is  a  jdeasure  to  me  to  make  my  acknowledgments  to  two 
VOL.  xxssu  20 
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Mr.  Mordey.  assistants,  Mr.  Stobart  and  Mr.  Foyster,  who  have  ably  aided  me 
in  connection  with  the  recent  tests  and  experiments,  and  to  Mr. 
Watson  in  connection  with  the  tests  in  1891. 

Some  Analogies. 

Probably  I  am  not  alone  in  having  often  found  a  difficulty  in 
conveying,  to  persons  not  specially  familiar  with  alternate-current 
*  matters,  any  very  clear  idea  of  the  kind  of  action  that  takes  place 
in  parallel  working.  I  would  like,  therefore,  to  be  allowed  to 
conclude  by  describing  an  analogy  which  I  have  often  found 
useful  in  such  cases. 

Everybody  knows  something  of  toothed  wheels. 

To  explain  the  relations  of  two  alternators,  separately  driven, 
working  parallel,  imagine  two  engines  driving  by  spur  gearing 
on  to  a  common  shaft.  The  shaft  represents  the  circuit  from 
which  power  may  be  taken ;  the  spurs,  or  teeth,  represent  the 
successive  waves  of  current. 

The  operation  of  getting  into  synchronism  is  understood  when 
one  engine  is  imagined  as  running  at  its  proper  speed  geared 
with  the  countershaft.  To  get  the  second  engine  to  help,  it  will 
readily  be  understood  that  before  being  geared  with  the  shaft  it 
must  be  brought  up  to  such  a  speed  that  the  spurs  of  its  toothed 
wheel  synchronise  with  those  on  the  shaft.  A  synchroniser,  or 
phase-indicator,  is  the  equivalent  of  a  device  for  showing  when  the 
teeth  of  one  wheel  are  exactly  opposite  the  spaces  between  the  teeth 
of  the  other  wheel — ^that  is,  when  they  are  synchronous.  The 
mechanical  process  of  slipping  the  two  spur  wheels  together  is  the 
equivalent  of  electrically  connecting  the  alternator  and  the  circuit, 
and  all  the  effects  of  doing  this  switching  at  the  wrong  time  are 
easily  illustrated  by  the  sudden  strain  that  would  be  imposed  on  the 
teeth.  It  will  now  be  easy  to  follow  the  process  of  increasing  the 
supply  of  steam  to  the  engine  until  it  transmits  its  proper  propor- 
tion of  power  to  the  shaft;  as  well  as  the  reduction  of  steam  to 
such  a  point  that  the  connection  of  either  engine  with  the  shaft  (or 
of  alternator  with  the  circuit)  can  be  interrupted  at  a  time  when  no 
power  is  being  transmitted  from  it  or  to  it,  and  when,  in  consequence, 
its  withdrawal  makes  no  difference  to  the  remaining  engine  (or 
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alternator)  or  to  the  countershaft  (or  circuit).    The  changing  of  Mr.  Moniey. 
load  from  one  engine  to  the  other  is  readily  understood. 

Then  the  difficulties  of  parallel  running  may  be  made  dear* 
Imagine  one  engine  to  get  an  insufficient  supply  of  steam :  it  will 
be  seen  how  the  other  must  not  only  keep  the  countershaft  (and 
any  load)  going,  but  must  also  drive  the  other  engine.  And  note 
that  this  driven  engine  (receiving  its  power  from  the  counter- 
shaft) is  the  analogue  of  the  synchronous  motor,  and  that 
the  fact  that  the  pressure  is  now  not  on  the  front  side,  but  on 
the  rear  side,  of  the  teeth,  corresponds  to  the  pull  on  the  poles 
and  armature  coils  being  in  the  opposite  direction  to  what  it  was 
as  a  generator ;  and  that  the  difference  of  phase,  or  angle,  between 
a  generator  and  a  motor  is  illustrated  by  this  change  in  the  relative 
position  of  the  teeth  on  spur  wheel  and  shaft.  If  the  teeth  of 
one  wheel  are  exactly  midway  between  those  of  the  other,  corre- 
sponding to  exact  cophasal  synchronism,  a  line  drawn  through  the 
tip  of  one  bisects  the  hollow  of  the  other ;  and  driving  is  possible 
either  way,  in  this  position,  only  if  there  is  absolute  fit — ^that  is, 
no  lag  or  lead — ^no  clearance  either  side.  As  this  is  not  possible 
in  practice,  there  is  always  a  lead  or  a  lag,  corresponding  to 
similar  changes  in  the  relative  positions  of  field  and  armature 
in  an  alternator,  as  generator  and  as  motor;  this  change  of 
angle  being  also  conveniently  expressed  or  measured  in  terms  of 
the  space  occupied  by  a  pair  of  teeth  or  a  complete  period. 

Then  it  is  possible,  by  this  analogy,  to  get  an  engine  builder  to 
see  what  happens  when  an  engine  runs  at  different  speeds  during 
parts  of  each  revolution.  He  will  see  that,  if  two  engines  are  in 
use,  and  one  is  slowing  a  little  as  it  goes  over  its  dead  centres, 
while  the  other  is  getting  steam  and  quickening  a  little,  the 
teeth  of  the  former  will  be  bearing  with  diminished  pressure  on 
the  teeth  of  the  countershaft,  while  the  latter  will  be  exerting 
increased  pressure.  And  he  will  see  that,  if  this  difference  is 
considerable,  the  power  may  all  have  to  be  supplied  by  one 
engine,  which  may  even  have  to  drive  the  other  engine 
as  well — ^ihat,  in  short,  each  engine  may  in  each  revolution  be 
alternately  a  generator  and  a  motor,  twice  or  oftener  (according 
to  the  number  and  setting  of  the  cranks). 
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Mr.  Mordey.  It  wiU  not  be  difficult  to  explain  the  pulsations  of  synchronis- 
ing current  transmitted  through  the  circuit  between  the  two 
alternators  by  the  analogy  of  £he  impulses  transmitted  from  one 
engine  to  another  through  the  countershaft. 

He  will  also  understand  why,  if  the  engines  have  this  defect, 
this  interphange  of  power  will  not  take  place,  and  will  not  be 
required,  if  he  so  arranges  matters  that  the  connection  is  made  at 
a  time  when  the  engines  (supposing  them  arranged  to  run  at  the 
same  speed)  are  in  the  same  part  of  their  stroke ;  but  in  this  case, 
as  the  engines  cannot  correct  each  other's  irregularities,  the  speed 
of  the  countershaft  may  have  an  objectionable  want  of  evenness  of 
running,  affecting  any  machinery  driven  from  the  countershaft — 
that  this  difference  will  be  less  on  the  driven  machinery  if  it  is 
driven  by  belting,  and  therefore  not  necessarily  synchronous,  than  if 
it  is  driven  by  spur  gearing,  and  so  forced  to  run  at  the  same  speed. 

I  will  not  stop  to  do  more  than  suggest  the  comparisons 
that  may  usefully  be  drawn  between  weight  of  fly-wheel  and 
of  electro  -  magnetic  inertia  or  self-induction  as  illustrating 
the  effects  in  steadying  the  running  of  all  shafts  or  circuits. 
But  I  cannot  resist  the  temptation  to  show  that,  as  with  alter- 
nators in  parallel  the  very  rapid  interchanges  of  power  take 
place  with  scarcely  perceptible  resistance  (that  is,  frictional) 
losses,  it  is  conceivable  that  two  such  machines  and  engines 
will  take  less  steam  to  drive  them  than  if  they  are  dividing 
the  same  load  between  them  on  separate  circuits.  That  this 
increase  in  efficiency  is  a  £Gu;t  has  been  shown  by  actual  tests, 
which  I  hope  later  on  will  be  placed  before  you. 

Then  the  analogy  may  be  carried  further,  and  an  under- 
standing may  be  imparted  of  the  difference  in  the  synchronising 
abilities  of  various  alternators.  To  do  this  it  is  necessary  to  add  to 
the  analogy  of  spur  gearing  the  idea  of  that  gearing  having  teeth 
of  various  degrees  of  stifihess  or  rigidity,  varying  all  the  way 
from  phosphor-bronze  to  yielding  elastic  material  such  as  soft 
rubber.  The  former  may  be  compared  to  the  alternators  having 
unyielding  fields  and  small  armature  reaction;  the  latter  to 
machines  having  poles  the  magnetism  of  which  gives  way,  more  . 
or  less,  under  pressure. 
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It  will,  no  doubt,  be  difficult  to  get  the  uninitiated  to  grasp  wr  Mordey. 
the  idea  of  a  tuft  of  lines  of  magnetic  force  from  a  pole-piece 
acting,  through  air,  on  a  copper  wire  carrying  a  current,  as 
corresponding  to  the  material  teeth  of  spur  wheels  geared 
together;  but  it  is  at  least  worth  the  attempt,  and  the  result 
is  usually  better  than  the  antecedent  chaos. 

Having  conveyed  this  idea  of  various  degrees  of  rigidity  of 
teeth,  as  the  equivalent  of  the  various  degrees  of  synchronis- 
ing efforts  of  which  different  alternators  are  capable,  the  next 
step  is  to  explain  why  with  alternators  having  magnetic 
teeth  of  the  gelatinous  variety  it  is  possible  to  put  them 
into  parallel  (or  to  gear  them)  when  they  are  unsynchronous, 
without  anything  happening  except  a  more  or  less  complete 
temporary  flattening  of  the  teeth  (or  alternations)  of  both 
machines,  corresponding  to  a  temporary  cessation  of  useful 
effort,  imtil  they  have  gradually  worked  themselves  into  phase. 
And  it  will  be  understood  why  with  such  machines  any  sudden 
alterations  or  strains  should  be  avoided  as  likely  to  result  in  the 
bending  down  of  the  teeth,  and  loss  of  synchronism.  On  the 
other  hand,  it  will  be  seen  that,  if  the  machines  have  strong 
and  unyielding  teeth  (or  powerful  synchronising  qualities),  they 
will  make  a  prodigious  effort  to  keep  in  step  whatever  happens. 

This  analogy  affords  an  explanation  of  the  difference  in  the  way 
in  which  the  synchronising  current  circulates  between  alternators 
of  the  two  kinds.  With  spur  wheels  of  the  strong  type  it  will 
be  seen  that  any  transfer  of  power  will  be  immediate  and  prompt, 
the  correcting  impulses  being  transmitted  with  decision  and 
sharpness,  the  lagging  or  yielding  permitted  being  only  that  due 
to  the  space  between  the  teeth.  This  corresponds  with  the  short, 
sharp  impulses  of  synchronising  current  between  two  alternators 
of  one  type;  while  the  slow  and  sluggish  impulses  of  current 
between  two  alternators  of  the  weak  field  type  is  understood  by 
imagining  what  would  happen  with  an  attempted  interchange  of 
power  between  the  two  engines  geared  to  a  shaft  by  teeth  of 
some  yielding  material. 

A  further  analogy  and  I  have  done,  to  show  those  who  are  at 
all  familiar  with  the  mechanics  of  spur  gearing  how  unnecessary 
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Mr.  MoTde3 .  It  ought  to  be,  80  far  as  the  machines  are  concemedy  to  reduce 
the  number  of  magnetic  teeth,  or  periods,  in  order  to  get 
satis&ctory  and  smooth  driving,  either  singly  or  parallel.  It  is 
only  in  cases  where  the  electrical  spur  wheels  are  so  designed 
that  the  teeth  cannot  get  in,  that  a  small  number  of  periods  can 
,  be  of  any  service  (so  far  as  the  machinery  is  concerned). 
Steady  and  smooth  driving  is  rather  to  be  sought  in  the  other 
direction. 

^^^^^  The    President:    Gentlemen, — You    have    shown    by  your 

applause  how  much  you  have  appreciated  Mr.  Mordey's  paper, 
and  now  you  can  show  by  a  very  lively  discussion  that  you  also 
can  give  another  expression  to  that  approval. 

^.  Mr.  John  S.  Kaworth  :  It  appears  to  me  that  Mr.  Mordey  is 

so  fiill  of  alternate  currents  that  he  cannot  be  squeezed  in  any  part 
of  his  frame  without  an  immense  amotmt  of  information  oozing 
out  of  him.  I  am  sure  this  Institution  must  feel  deeply  grateful 
to  Professor  Forbes  for  having  trodden  so  severely  on  Mr.  Mordey's 
toes,  because  the  result  of  it  has  been  that  he  has  given  us  this 
most  interesting  academic  paper.  I  do  not  know  how  it  is  that 
this  Institution  seems  to  be  entirely  dependent  on  Mr.  Mordey  for 
giving  them  experimental  &cts  with  regard  to  the  working  of 
alternators.  There  are  some — I  do  not  know  how  many — ^hundreds 
of  our  members  who  are  continually  giving  us  theories  about 
alternate  currents ;  but  Mr.  Mordey  is  the  only  one,  as  &r  as  I 
remember,  who  gives  us  fully  worked  out  experiments  showing 
how  alternating-current  machines  work  either  singly  or  in  parallel, 
tt  is  probably  owing  to  the  extraordinary  facilities  which  Mr. 
Mordey  has,  in  connection  with  the  Brush  Company,  that  he 
is  able  to  make  these  experiments,  and  to  bring  them  before  this 
Institution ;  and  I  beg  to  suggest  to  other  large  companies  who 
possess  equal  facilities,  that  they  should  be  equally  generous 
towards  their  employes  in  permitting  them  at  times  to  place  their 
results  before  this  Institution.  I  do  not  see  why  the  Brush 
Company  should  quite  have  a  monopoly  of  this  kind  of  benevo- 
lence. But,  to  come  to  the  particular  text  which  Mr.  Mordey  has 
taken  this  evening,  and  which  has  been  the  lemon-squeezer  that 
Professor  Forbes  applied  to  him  to  get  out  of  him  the  very 
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interesting  paper  we  have  heard  to-night,  the  Brush  Company  Mr. 
have  not  by  any  means  taken  a  serious  view  of  Professor 
Forbes's  statements.  They  are  perfectly  well  aware  that  the 
dynamos  they  manu&cture  are  not  steam  rollers,  or  water  carts, 
or  anything  else  of  that  character :  they  are  made  to  work  under 
certain  conditions,  and  they  do  work  under  those  conditions 
remarkably  well;  and  the  only  statement  Professor  Forbes  made 
concerning  them  was  that  they  did  not  work,  according  to  his 
view,  to  his  satisfiiction  when  they  were  coupled  together  by 
means  of  a  number  of  incandescence  lamps  in  series.  I  am  not 
at  all  afraid  of  that  allegation.  As  fiEur  as  the  commercial  under- 
taking of  the  Brush  Company  goes,  I  care  neither  whether  it 
be  true  or  fedse ;  but,  as  it  has  made  a  text  for  Mr.  M ordey  to 
dilate  upon,  it  has  provided  us  with  a  most  interesting  evening, 
and  I  am  very  pleased  we  have  thus  received  the  information  he 
has  laid  before  us.  I  wish  to  point  out  that  Professor  Forbes  in 
the  first  instance  found  a  mare's  nest,  and  that  Mr.  Mordey  has 
taken  a  good  deal  of  trouble  to  explain  away  that  mare's  nest, 
without  exactly  touching  the  actual  bottom  of  it,  though  he  has 
got  very  close  to  it.  The  peculiar  circumstance  or  phenomenon 
which  Professor  Forbes  observed  was  not  an  alternating-current 
effect  at  all.  No  question  of  alternating  current  need  be  raised 
to  explain  it,  nor,  for  that  matter,  do  we  want  any  electrical 
currents  whatever.  We  had  on  that  occasion  two  dynamos 
working  in  parallel,  driven  by  two  similar  engines  running 
on  their  governors  without  load,  and  connected  together  by 
one  of  the  thinnest  connectors  you  can  imagine.  What 
happens  under  ordinary  conditions  with  an  engine  running 
on  no  load  and  controlled  by  a  governor?  It  always  hunts. 
Every  governor  hunts.  There  is  no  such  thing  in  the  world 
as  a  governor  which  does  not  hunt,  and  there  will  not  be 
until  we  get  one  which  has  no  friction,  because,  before  the 
governors  can  act,  the  change  in  the  centrifugal  force  must  be 
enough  to  overcome  the  friction  of  the  govenior.  That  friction 
is  a  definite  amount,  and  therefore  the  change  of  speed  must  be  a 
definite  amount.  That  process  is  repeated  up  and  down 
continually;  and  when  we  say  the  governor  does  not  hunt,  we 
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mean  the  changes  are  made  so  rapidly  that  we  are  unable  to  see 
the  effect  upon  the  speed  by  the  eye,  but  the  hunting  is  there  all 
the  same.  What  happened  at  Mr.  Willans's  works  was  this :  Two 
governors  were  either  both  or  one  of  them  hunting.  The  steam 
would  come  on  and  carry  the  engine  away  feister,  then  the 
governor  would  shut  down  and  the  speed  would  drop — of  course 
these  variations  being  very  small,  but  quite  sufficient  for  the 
purpose.  The  one  engine  that  was  leading  had  to  pull  the  other 
after  it,  through  the  very  thin  interconnecting  link,  i.e,,  the 
electric  current  through  a  high  resistance  between  the  two 
motors.  When  the  increase  in  speed  ceased  there  was  an  exact 
balance  of  electro-motive  forces  between  the  two  alternators,  and 
the  lamps  went  dead.  When  the  speed  of  the  first  engine  de- 
creased the  other  engine  had  to  pull  it  after  it,  and  thus  the 
cycle  was  repeated  backwards  and  forwards.  The  same  thing 
would  have  happened  if  there  had  been  two  continuous  dynamos ; 
the  same  would  have  happened  if  there  had  been  no  dynamos  at 
all,  and  one  engine  had  been  put  in  front  of  the  other,  and  the 
two  fiy-wheels  connected  by  a  very  thin  india-rubber  band.  First 
of  all,  the  top  of  the  belt  would  have  run  down  slack  and  the 
other  come  up  tight,  and  vice  verad;  and  the  process  would  have 
been  continued  in  regular  pulsations,  just  according  to  the  speed 
and  pulsation  of  the  governor.  This  mare's  nest,  when  it  is  taken 
hold  of,  is  nothing  in  the  world  but  a  common  mechanical  effect, 
and  has  nothing  whatever  to  do  with  alternating  currents.  I  said  a 
moment  ago  we  were  never  called  upon  to  sell  alternators  to  perform 
these  peculiar  functions  of  working  in  parallel  with  a  big  resistance 
between  them,  and  only  on  one  occasion  have  I  ever  heard  of 
anybody  but  Professor  Forbes  who  asked  that  such  a  thing  should 
be  done  or  tried.  That  was  a  case  that  you.  Sir,  mentioned  to 
me  yourself  about  13  pr  14  years  ago— that  you  instituted 
certain  experiments  to  ascertain  whether  alternators  would  run 
together  in  parallel ;  and  you  told  me,  with  very  great  disgust 
at  the  failure  of  running  parallel,  that  the  idiotic  operator  had 
placed  70  ohms  between  the  two  alternators.  That  is  the  only 
other  case  there  is  on  record,  I  believe,  in  which  anybody  ha 
tried  to  run  alternators  for  any  purpose  with  such  enormous 
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lesistance  between  them.  Now  I  think  I  have  made  out,  as  far  ^^^^rth. 
as  the  Brush  Company  is  concerned,  that  we  have  no  cause  of 
eomplaint  against  Professor  Forbes.  He  has  not  said  anything 
against  our  alternators  that  we  in  the  slightest  degree  object  to. 
He  has  only  done  a  thing  that  was  once  done  before  by  a 
gentleman  to  whom  you,  Sir,  objected  in  very  strong  language, 
and  he  has  given  us  an  opportunity  of  hearing  one  of  the  most 
interesting  academic  papers  I  have  ever  listened  to  from  our 
friend  Mr,  Mordey. 

Mr.  C.  P.  Spares:  I  wish  to  endorse  Mr.  Morde/s  remark M'- ^i*^^ 
about  running  alternators  in  parallel.  The  principal  difficulty  is 
to  secure  steam  engines  which  will  give  us  an  equal  turning 
moment*  If  you  take  an  ordinary  single-cylinder  engine,  or 
even  a  compound  engine  with  a  fly-wheel  of  ordinary  proportions, 
and  either  drive  your  machine  direct  or  with  rope  gearing,  on 
putting  machines  suitably  proportioned  into  parallel  a  certain 
synchronising  current  is  needed  to  keep  these  machines  in 
parallel ;  in  the  case  of  direct-driven  machines  the  synchronising 
current  is  generally  larger  than  with  rope  driving.  That  current 
wholly  depends  upon  the  equal  turning  moment  and  the  inertia  of 
the  moving  parts ;  and  if  the  angular  velocity  varies  very  much 
during  a  revolutioo,  we  find  a  very  large  current  is  necessary  to 
keep  any  two  machines  coupled  together.  When  the'  dynamos 
are  rope-driven,  the  rope  acts  as  a  flexible  coupling  between  the  . 
driven  and  driving  parts ;  thus  the  synchronising  current  is 
reduced.  The  conditions  of  parallel  running  are  often  aggravated, 
as  mentioned  by  Mr.  Saworth,  by  governors.  All  governors  hunt, 
through  friction  in  their  working  parts ;  and  even  when  we  have 
a  governor  with  a  very  small  amount  of  friction,  it  always  has  the 
effect  of  increasing  the  synchronising  current  by  a  sensible 
amount. 

The  difficulty  of  securing  an  equal  turning  moment  is  got 
over  by  having  the  shaft  driven  by  several  cranks  set  at  the 
proper  angle  to  one  another.  When  we  take  a  compound  engine 
with  cranks  at  90  degrees,  we  certainly  get  a  better  result  than 
by  having  a  single-cylinder,  or  a  compound  with  cranks  at  180 
d^rees.      In  coupling  large  alternators  together  it  is  advisable 
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Mr.s^MtffcB.  that  there  should  at  least  be  two  high-pressure,  if  not  three 
high-pressure,  cylinders  working  on  the  same  shaft,  with  cranks 
distributed  round  the  crank  path  so  as  to  get  a  very  equal  turning 
moment,  in  order  to  prevent  the  enormous  strain  placed  upon 
the  armatures  of  the  dynamos  in  trying  to  correct  the  irregu- 
larities of  their  respective  steam  engines  against  the  inertia  of  the 
moving  parts :  the  strains  thus  produced  prohibit  some  types  of 
alternators  irom  parallel  running.  Of  course,  if  we  use  a  very 
heavy  fly-wheel,  we  modify  the  amount  of  work  done  by  the 
armature;  but  it  is  impossible  in  many  cases  to  put  on  a 
su£Sciently  heavy  wheel  to  obviate  the  strain  placed  on  the 
armature. 

Mr.  weekes.  Mr.  B.  W.  Weekes  :  The  purely  mechanical  explanation  of 
the  pulsation  in  the  current  given  by  Mr.  Baworth  does  not 
appear  to  be  satisfiwtory.  Obviously  the  speed  of  both  engines 
must  be  the  same,  and  the  governors  can  therefore  not  htmt 
independently.  On  the  other  hand,  Mr.  Mordey's  own  explana- 
tion, based  on  the  varying  resistance  of  the  lamp  circuit,  is  in 
itself  sufficient  to  account  for  all  the  effects  observed. 

Mr.  Kapp.  Mr.  GtISBERT  Kapp  :  I  should  like  to  echo  the  remarks  of 

Mr.  Baworth,  as  far  as  they  refer  to  the  value  of  the  paper, 
and  especially  to  the  educational  value  of  the  analogies  given 
at  the  end  of  the  paper.  It  is  an  exceedingly  happy  simile  to 
compare  alternators  working  in  parallel  with  spur  wheels  running 
in  gear.  There  is,  however,  one  correction  I  should  like  to 
make  in  the  author's  method  of  representation.  That  is,  in  his 
comparison  between  teeth  of  different  stiffness.  He  contrasts 
spur  wheels  with  flexible  teeth  with  those  having  stiff  teeth,  to 
the  disadvantage  of  the  former.  As  the  paragraph  reads,  one 
would  be  inclined  to  think  that  the  idea  of  flexibility  carries 
with  it  the  idea  of  a  weaker  tangential  force  acting  between  the 
two  wheels.  If  that  were  so,  then  undoubtedly  the  stiff  tooth 
wheel  would  be  better;  but  there  is  no  reason  to  suppose  that 
the  flexible  tooth  is  not  equally  strong:  it  yields  a  little,  but 
the  more  it  yields  the  greater  force  it  exerts.  Therefore  it  is 
perfectly  compatible  with  the  simile  to  imagine  the  two  wheels 
having  teeth  of  equal  strength,  only  one  tooth  will  yield  through 
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a  certain  distance  before  it  attains  that  tangential  force,  whereas  ^*  ^app. 
the  other  does  not  yield  at  all  and  attains  the  tangential  force 
at  a  blow.  For  this  reason  I  have  always  been  an  advocate  of 
having  machines  with  a  certain  amount  of  self-induction.  Such 
a  case  represents  spur  gear  with  elastic  teeth,  whilst  the  case 
of  machines  with  exceptionally  little  self-induction  is  represented 
by  spur  gear  with  hard  teeth.  When  such  machines  are  put  in 
parallel,  or  if  one  is  accidentally  short-circuited,  the  armature 
coils  are  subjected  to  very  hard  blows,  and  this  may  lead  to  the 
machine  being  ripped  to  pieces. 

Before  I  speak  about  the  very  interesting  subject  of  power 
transmission  through  long  lines,  I  should  like  to  draw  Mr. 
Mordey's  attention  to  what  I  am  afraid  is  a  misprint  on  slip  6, 
where,  at  the  bottom,  he  says:  '^On  increasing  the  excitation 
*'  again,  passing  the  bottom  of  the  ^  V,'  and  rising  up  the  opposite 
<^  slope  to  the  same  height  (about  6  amperes),  it  was  found  that 
<^  the  current  was  rather  steadier  than  under  the  conditions  last 
**  noted."  But  then  he  goes  on  to  say :  "  When  the  current  was 
"  about  6  amperes  it  was  rather  more  unsteady  in  a  strong  field 
'<  than  in  a  weak  field."  Should  it  not  mean  more  unsteady  in  a 
weak  field  than  in  a  strong  field?  There  is  a  contradiction  in 
that  paragraph  as  printed  in  the  slip. 

The  author's  experiments  were  undertaken  and  brought  to  our 
notice  with  a  definite  object — viz.,  to  show  that  Professor  Forbes's 
objection  was  not  a  proper  one,  not  one  which  occurs  in  practice, 
and  was,  moreover,  not  so  detrimental  to  the  working  of  the 
machine  as  he  made  out.  But  I  think  Mr.  Mordey  has  not 
done  himself  justice.  The  experiments  were  made  on  motors 
running  light.  In  one  or  two  cases  there  is  a  load  mentioned, 
but  it  is  a  small  load  for  the  size  of  the  machine.  Had 
Mr.  Mordey  really  treated  the  machine  as  they  would  be  treated 
in  power  transmission, — had  he  put  a  mechanical  load  of  50 
kilowatts  on  the  50-kilowatt  alternator, — ^he  would  have  found  it 
to  drop  out  of  step  very  much  sooner  than  it  did.  I  should  like 
to  say  something  in  connection  with  these  "  V "  curves,  which 
are  exceedingly  useful  curves  if  you  draw  the  whole  of  them. 
The  curve  is  useful  because  it  shows  exactly  the  point  at  which 


288  ON  PARALLEL  WORKING,  Etc.  [March  8th, 

Mr.  Kapp.    the  machine  will  drop  out  of  step.    In  a  transmission  plant 
where  the  resistance  in  circuit  is  small  and  the  self-induction 
large,  the  left  branch  of  the  "  V  "  very  soon  becomes  vertical,  and 
then  curves  over  to  the  right ;  whereas  the  right  branch  of  the 
"  V  *•  slopes  out  to  a  very  great  distance — in  fact,  so  far  that  the 
machine  could  not  take  the   great  current  which  this   branch 
would  indicate  as  possible,  because  it  would  get  too  hot.     In  a 
plant  of  that  kind  it  would  be  best  to  excite  the  motor  a  little 
above  the  point  which  Mr.  Mordey  rightly  considers,  theoretically, 
the  best  point — that  is,  the  bottom  of  the  "V."    The  curves 
given  in  the  paper  were  taken  with  machines  running  light,  and 
do  not  represent  the  true  shape.    To  each  load  on  the  motor 
corresponds  one  particular  "  V  "  curve ;  and  the  greater  the  load 
the    more     rounded,    generally    speaking,     become    the    two 
branches  of  the  curve,  especially  the  left  branch.     If,  there- 
fore, you  have  a    transmission    where  the  resistance  is  small, 
and  where  for  some  reason  you  have  chosen  equal  machines 
with  fidrly  large  self-induction,  it  is  advisable  to  excite  the  motor 
higher  than  the  generator,  in  order  that  you  may  be  working  on 
that  branch  of  the  curve  which  slopes  up  to  the  right.     If,  on  the 
other  hand,  you  have  the  bad    conditions    that    Mr.   Mordey 
artificially  produced  in   order  to   show   the  impracticability  of 
Professor  Forbes's   requirements — viz.,  that  you  have   a   large 
resistance  in  circuit  and  little  self-induction  in  the  machines — the 
shape  of  the  "  V  "  curve  is  entirely  different.    In  such  a  curve  the 
left-hand  branch  slopes  very  much  more  to  the  left — in   fact, 
becomes  concave  to  the  horizontal  axis — and  then  curves  back  to 
the  right,  whereas  the  right-hand  branch  very  quickly  turns  over 
to  the  left.     The  point  where  the  branch  turns  over  shows  the 
point  at  which  the  machine  drops  out  of  step,  and  this  point  is 
reached  with  a  very   slight    over -excitation.       If,    then,   the 
resistance  in  circuit  is  abnormally  great,  you  would,  as  Mr.  Mordey 
rightly  says,  have  to  work  the  motor  at  a  lower  excitation  than 
the  generator ;  but  in  general  when  we  use  alternating  currents 
for  power  transmission  we  are  not  under  the  necessity  of  wasting 
much  power  in  the  line,  because  we  have  the  option  to  raise  the 
voltage  to  such  an  amount  that  we  can  work  with  a  very  small 
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line  loss.  In  that  case  the  motor  should  be  excited  at  least  to  Mr.  Kapp. 
the  same  pitch  as  the  generator — preferably  a  little  more — ^to  get 
a  fairly  large  margin  of  power.  Such  a  margin  is  obviously 
necessary,  because  for  short  periods  the  nominal  load  on  the  motor 
may  be  considerably  increased.  In  this  connection  I '  may 
mention  a  power  transmission  in  Chur,  Switzerland,  where  my 
machines  are  used.  The  plant  was  put  up  by  the  CErlikon 
Engineering  Works,  and  the  motor  is  a  60-kilowatt  machine 
which  drives  a  mill.  There  it  was  found  that  to  provide  against 
the  sudden  strains  when  shafting  is  thrown  into  gear  a  consider- 
able margin  of  power  is  required.  This  the  motor  is  perfectly 
able  to  furnish.  But  if  the  line  resistance  were  high  no  such 
margin  of  power  could  by  any  possibility  be  obtained.  It  is  for 
this  reason  that  I  consider  Professor  Forbes's  demand  for  machines 
which  shall  transmit  and  receive  power  through  lines  of  abnormally 
high  resistance  an  impracticable  one. 

Mr.  Mordey  puts  the  limit  of  loss  in  the  line  at  20  per  cent., 
but  I  should  be  inclined  to  put  it  at  10  per  cent.,  so  that  a  reason- 
able margin  of  power  over  the  normal  power  of  the  motor  may  be 
secured. 

As  regards  the  question  of  parallel  running  of  alter- 
natorsy  I  think  we  have  heard  enough  of  the  contention  that 
certain  alternators  will  run  in  parallel  and  others  will  not.  It  is 
not  a  question  of  the  alternator  at  all ;  it  is  a  question  of  the 
engine,  and  I  can  illustrate  this  best  by  our  experience  in  Bristol. 
When  Mr.  Preece  and  I  designed  the  Bristol  station  we  were 
perfectly  aware  that  a  very  even  turning  couple  exerted  by  the 
engine  is  the  only  and  the  necessary  condition  for  successful 
parallel  working,  and  in  order  to  fulfil  that  condition  we  specified 
engines  with  three  cranks.  The  sets  consist  of  Willans  engines 
and  Siemens  alternators,  and  when  the  cut-off  in  the  three  lines 
of  cylinders  is  properly  adjusted  there  is  no  sensible  synchronising 
current  between  any  of  the  machines  (two  88-kilowatt  and  two 
210-kilowatt  at  present  installed).  Even  when  running  light  there 
is  hardly  su£Scient  deflection  of  the  needles  of  the  ampere-meter 
to  take  a  reading.  When  running  loaded  the  needles  remain 
perfectly  steady.    These  engines  have  three  cranks,  set  120  degrees 
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apart,  so  as  to  give  the  most  even  turning  moment  possible,  and 
the  expansion  gear  on  each  line  of  cylinders  is  separately  adjust- 
able by  hand.  To  get  the  greatest  economy  the  expansion  is 
occasionally  adjusted  so  as  to  correspond  with  the  load.  If  it  were 
possible  to  alter  all  three  expansions  simultaneously,  the  parallel 
running  would  not  be  interfered  with,  and  the  needles  of  the 
ampere-meters  would  remain  free  from  vibration.  But  as  the 
expansions  must  be  adjusted  one  at  a  time  the  turning 
moment  of  the  engine  becomes  slightly  imeven  during  the 
alterations.  The  effect  of  this  unevenness  is  seen  immediately 
on  the  instruments,  the  needles  beginning  to  vibrate,  and 
the  vibration  only  vanishes  after  all  the  three  expansions  have 
been  adjusted  equally.  The  vibration  is  never  very  great,  and 
has  no  effect  on  the  current  flowing  out  of  the  station. 
I  merely  mention  this  matter  as  an  explanation  of  what  Mr. 
Sparks  said.  I  may  mention  that,  although  the  machines  have 
more  self-induction  than  Mr.  Mordey  advocates,  their  synchron- 
ising action  is  very  powerful,  and  this  was  proved  accidentally 
some  time  ago  when  two  machines  were  put  in  parallel  whilst 
opposite  in  phase.  There  was  a  momentary  howl  of  the  machines, 
which  very  soon  subsided,  and  the  machines  settled  down  into 
parallel  without  any  trouble.  This  experience  was  quite  satis- 
factory, though  only  the  result  of  one  of  the  connections  of  the 
synchroniser  having  been  accidentally  reversed.  Of  course  in 
regular  work  the  machines  are  put  into  parallel  when  the  phases 
are  equal.  Accidents,  however,  will  happen  in  the  best-regulated 
lighting  stations,  and  for  this  reason  I  think  it  of  the  greatest 
importance  that  the  machines  should  be  so  constructed  as  to 
stand  the  rough  usage  which  may  result  from  such  accidents.  It  ^ 
should,  for  instance,  be  perfectly  safe  to  short-circuit  an  alter- 
nator when  running  at  full  voltage,  and  this  is  safe  provided  the 
machine  has  a  reasonable  amount  of  self-induction.  If  it  has  too 
little  self-induction,  then  the  result  of  a  short-circuit,  or  of  such 
an  accident  as  I  have  just  described  as  having  happened  at 
Bristol,  would  be  a  general  ripping  out  of  the  armature  coils. 

Professor  Silvanus  P.  Thompson  :  I  had  hoped  we  might  have 
had  some  further  information  from  those  who  have  been  manu- 
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fiictaring  alternators  and  running  them  on  a  large  scale.  WePjo'^sor 
certainly  desire  to  have  farther  data  to  discuss,  particularly  as 
to  the  question  of  the  transmission  of  power  from  one  alternator 
to  another  through  a  line  of  measurable  resistance — a  line  which 
of  itself  absorbs  any  considerable  fraction  of  the  power.  I  think 
something  more  will  have  to  be  done  on  this  matter,  in  spite  of 
Mr.  Kapp's  remarks.  Do  I  understand,  in  the  case  he  referred  to, 
that  the  alternators  used  were  similar  machines  ? 

Mr.  Kapp  :  Yes. 

Professor  S.  P.  Thompson  :  In  that  case  I  can  understand  the 
bearing  of  it ;  but  surely  cases  will  arise  when  we  shall  not  use 
similar  machines  at  the  two  ends, — where  we  shall  design  a  motor 
to  work  specially  at  the  end  of  the  line  in  which  there  is  to  be 
allowed  a  measurable  drop  in  voltage.  In  that  case  probably  it 
will  be  advisable  not  to  have  the  same  degree  of  saturation  of 
magnets  in  the  motor  as  in  the  case  where  the  machines  are 
absolutely  similar.  As  with  continuous-current  machines,  when 
you  have  to  design  a  power  transmission  from  one  machine  at 
one  end  to  another  at  the  other,  you  do  not  make  them  exactly 
*  alike :  you  design  them  to  run  at  different  voltages ;  you  design 
the  armature  of  the  motor  with  fewer  windings,  and  the  magnet 
of  the  motor  has  to  be  more  highly  magnetised  than  the  magnet 
of  the  generator. 

I  wish  to  thank  Mr.  Mordey  for  the  admirable  way  in  which 
he  has  worked  out  the  analogy  of  the  toothed  gearing.  With 
respect  to  Mr.  Kapp's  criticism  as  to  the  flexible  teeth  being  quite 
as  capable  of  driving  well  as  the  rigid  teeth,  may  I  point  out  the 
reason  why  the  flexible  teeth  in  the  electrical  case  are  not  so 
good  for  driving  as  stiff  teeth  is  that  the  very  property  of 
flexibility  is,  not  that  there  is  a  yielding,  but  that  the  yielding 
makes  the  tooth  less  strong :  that  is  to  say,  those  machines  which 
have  a  feeble  magnet  that  can  be  reacted  upon  by  the  armature 
do  not  simply  yield  in  phase,  but  their  magnet  is  weakened  by 
the  reaction  of  the  armature,  and  therefore  the  tendency  to 
synchronise  is  lessened ;  they  actually  cease  to  have  the  same 
force  of  return* 

Mr.  Kapp  :  They  are  strengthened  if  you  over-excite. 
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Professor  S.  P.  Thomtson:  In  the  motor,  not  in  the  generator. 
There  are  some  other  ways  of  synchronising  than  those  adopted  in 
this  country.  I  should  like  to  know  if  anyone  can  give  us  any 
information  as  to  the  use  of  those  horrible  things  used  in  America 
called  "acoustic  synchronisers,"  which  howl  alternately  when 
the  machines  are  out  of  phase.  Also,  if  anyone  has  had  any  experi- 
ence of  a  purely  optical  synchroniser  attached  to  the  machines.  I 
remember  very  well  watching  the  machines  built  by  Ganz  &  Co. 
in  the  station  at  Some.  The  alternators  were  set  in  one  line. 
You  can  look  through  one  machine  at  another,  and  you  can  see 
when  the  machines  are  synchronised  by  merely  observing  the 
rotating  magnets  of  one  machine  across  the  rotating  magnets  of 
the  other.  They  will  appear  to  be  stationary  when  absolutely  in 
phase,  just  as  two  perforated  discs  of  cardboard  with  holes  when 
they  spin  round  at  equal  speeds ;  one  being  watched  through  the 
holes  in  the  other.  It  is  quite  possible,  I  think,  that  some  optical 
synchroniser  might  be  found  which  would  be  more  satisfactory 
than  either  the  acoustic  or  the  electrical  synchronisers  with  lamps. 
Lastly,  I  would  ask  if  anybody  has  any  information  on  the  use  of 
common  steam  supply  to  the  engines  which  are  driving  the  machines 
that  are  to  be  put  in  parallel  or  which  are  running  in  parallel.  It 
seems  to  me  that  a  good  deal  in  the  easy  working  of  two  engines 
together  may  depend  upon  the  question  whether  their  steam 
supply  is  in  common.  Suppose  a  load  is  increased  on  a  sudden 
where  there  are  two  alternators  on  the  omnibus  bars,  it  is  desirable, 
probably,  that  both  those  alternators  should  share  in  the  increased 
load.  If  they  are  running  with  governors,  you  have  to  wait  for 
both  these  governors  to  open  the  valves  a  little  more.  Something 
has  to  happen  independently,  as  it  were,  on  the  two  machines ; 
whereas,  if  they  were  fed  from  some  common  valve,  we  might 
have  a  different  condition,  and  one  more  suitable  for  keeping  the 
machines  absolutely  in  phase  with  one  another.  I  remember 
when  Mr.  Mordey  first  brought  this  matter  of  parallel  running 
before  us  in  that  remarkable  paper  of  two  years  ago,  I  begged 
him  to  tell  us,  when  he  replied  to  the  questions,  in  what  way  the 
two  engines  were  governed  which  had  shown  such  remarkable 
success  in  running  parallel ;  and  I  elicited  the  information  that 
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there  were  no  governors  at  all  on  the  engines,  as,  indeed,  I  rather  p«>*«««>' 
suspected.  In  many  stations  we  know  governors  are  not  used ; 
that  is  to  say,  though  there  may  be  the  governors  on  the  engines, 
they  are  arranged  so  as  not  to  come  into  operation  in  ordinary 
working.  Very  little  seems  to  be  recognised  as  accept^  practice 
on  this  matter,  and  it  is  most  desirable  that  we  should  have  an 
expression,  not  only  of  opinion,  but  of  actual  experience  gained  in 
different  stations  with  different  makes  of  engines,  with  different 
types  of  governors,  with  different  types  of  alternators,  as  to  the 
conditions  under  which  machines  run  most  satis&ctorily  in 
parallel  with  one  another. 

The  President  :  The  discussion  will  now  be  adjourned  until 
our  next  meeting,  which  will  take  place  on  the  29th  inst. 

I  have  to  announce  that  the  scrutine^s  certify  that  the 
following  candidates  have  been  duly  elected : — 

Members : 
Sidney  Howard  Farrar.         |  Claude  William  Hill. 


AssocicUea^ 
Arthur  Hinton  Allen. 
John  Edward  Dane. 
F.  E.  Davenport. 
James  Livsey  Dyson. 
John  Charles  Dwyer. 
John  E.  Gall. 
Cecil  W.  Gwyther. 


Owen  M.  Jonas. 
Enrique  W.  Martin. 
Joseph  Horsnell  May. 
Alexander  Moir. 
Edward  B.  Pym. 
J.  Clifton  Eobinson. 
Sherley  Sherley-Price. 


Dudley  Stuart. 
Students : 


Frederick  W.  Dalton. 
Edmund  J.  Fox. 
William  James  Grrey. 
Percy  George  Eathbone. 


Ernest  Sherley-Price. 
E.  E.  Skipwith. 
William  Frederick  Stuart- 
Menteth. 


Charles  F.  Wilkin. 


The  meeting  then  adjourned. 
VOL.  xxiu.  21 
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The  Two  Hundred  and  Sixty-second  Ordinary  Greneral  Meeting 
of  the  Institution  was  held  at  the  Institution  of  Civil 
Engineers,  25y  Great  George  Street,  Westminster,  on 
Thursday  evening,  March  29th,  1894 — Mr.  Alexander 
Siemens,  President,  in  the  Chair. 

The  minutes  of  the  Ordinary  General  Meeting  of  March  8th, 
1894,  were  read  and  approved. 

The  names  of  new  candidates  for  election  into  the  Institution 
were  announced  and  ordered  to  be  suspended. 

The  following  transfers  were    announced    as    having    been 
approved  by  the  Council: — 

From  the  class  of  Associates  to  that  of  Members — 
Professor  W.  H.  Bragg.        |        Henry  John  Vose. 

From  the  class  of  Students  to  that  of  Associates — 


William  A.  Brodie. 
Herbert  George  Crabb. 
Victor  J.  Delebecque. 
Archibald  Henry  Finlay. 
Bernard  Booth  Granger. 
Arthur  Llewellyn  Lean. 
Alan  P.  McDoualL 


Percy  W.  McDougall. 
Harold  George  Rea. 
Harold  H.  Simmons. 
William  Henry  Slater. 
Sidney  Charles  Watson. 
Alan  Williams. 
Claude  H.  C.  Woodhouse. 


Mr.  F.  H.  Taylor  and  Mr.  A.  G.  Seaman  were  appointed 
scrutineers  of  the  ballot. 

The  President  :  A  copy  of  the  balance-sheet  has  been  sent  to 
each  one  of  you,  and  I  would  therefore  propose — "That  the 
<*  balance-sheet  be  taken  as  read.** 

This  was  agreed  to. 

The  President:  I  beg  to  move— "That  the  statement  of 
"accounts  for  the  year   1893,  as   just   read,  be  received  and 
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"  adopted."  Before  I  put  this  motion,  I  would  inquire  whether 
any  member  has  any  question  to  ask,  or  desires  further  informa- 
on  any  point,  in  which  case  the  Secretary  or  myself  will  be  very 
glad  to  reply. 

No  questions  being  asked,  the  motion  was  seconded  by 
Mr.  W.  R,  Rawlings,  and,  having  been'^put  from  the  chair,  was 
carried  Ttefm.  con. 

The  President  :  We  will  now  resume  the  discussion  on  Mr. 
Mordey's  paper,  "  On  Parallel  Working  through  Long  Lines." 

Greneral  Webber:    I  had  not  the  benefit    of   hearing  theo«nerai 

^  Webber. 

discussion  on  Mr.  Mordey's  paper,  although  I  have  read  it,  and,  I 
may  say,  was  much  struck  with  the  analogy  with  which  that 
paper  terminated. 

But  there  is  one  example  of  parallel  running  as  to  which  it 
seemed  to  me  to  have  been  a  regrettable  omission  on  Mr. 
Mordey's  part  to  have  said  nothing,  upon  which  I  think  he 
ought  to  have  been  able  to  give  us  information — one  that  has 
been  going  on  for  a  considerable  time  under  some  of  the  circum- 
stances which  he  describes,  and  which  might  have  afforded  data 
that  would  have  been  of  even  more  interest  than  those  which  he 
mentioned. 

For  two  or  three  years  it  has  been  known  that  Mordey- Victoria 
alternating-current  dynamos  have  been  guaranteed  to  work  per- 
fectly in  parallel  with  any  other  dynamo  of  the  same  make, 
irrespective  of  size ;  and  the  description  of  the  experiment  which 
Mr.  Mordey  mentions  as  having  been  made  by  him,  with  the  per- 
mission of  the  City  of  London  Company,  at  their  Bankside  station, 
is  only  a  description  of  one  under  those  well-known  and  guaranteed 
conditions.  Now,  although  it  is  common  knowledge  that  for  a 
very  considerable  time  the  City  Company  have  been  running  in 
parallel  not  only  Mordey- Victoria  dynamos,  but  also  one  or  more 
of  that  make,  and  one  or  more  Thomson-Houston  machines  of  a 
different  size  and  capacity,  supplied  and  fixed  by  Messrs.  Laing, 
Wharton,  &  Down,  at  a  station  known  as  the  City  of  London 
Electric  Lighting  Pioneer  Station,  at  Wool  Quay,  in  Lower  Thames 
Street,  no  mention  is  made  by  Mr.  Mordey  of  such  a  condition  of 
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things,  although,  as  electrician  to  the  contractors  for  the  City 
Compan3r'8  Bankside  station,  on  the  Surrey  side,  he  ought  to  be 
fully  alive  to  the  circumstances.  The  distance  by  cable  between 
the  machines  is  close  upon  2,500  yards.  Those  generating  units 
diflfer,  as  you  know,  not  only  essentially  in  the  construction  of  the 
dynamos,  but  also  in  the  motors  which  are  driving  them.  The 
Brush — i.e.,  the  Mordey-Victoria— dynamo,  as  Mr.  Mordey  told 
you,  is  a  100-kilowatt  machine,  and  is  driven  by  a  Brush-Raworth 
vertical  engine,  the  speed  of  which  is  about  167  revolutions;  and 
the  Laing,  Wharton,  &  Down,  or  "  Thomson-Houston  high-tension, 
**  composite  field,  automatic,  self-regulating,  alternating-current 
"  dynamo, "  has  a  capacity  of  120  kilowatts,  and  is  driven  by  a 
Marshall's  engine,  with  a  speed  of  about  170  revolutions.  Those 
two  generating  units  are,  as  I  have  said,  placed  in  stations  2,500 
yards  apart  by  cable  measurement,  and  they  are  both  serving  the 
primary  circuit  of  one  bank  of  transformers.  It  is  essential  that 
those  dynamos  should  be  running  in  parallel,  so  &r  as  can  be 
achieved  under  the  circumstances  as  described  by  Mr.  Mordey. 
Therefore  my  remarks  will  go  no  further  than  to  take  the  form 
of  a  question,  and  express  a  hope  that  the  &cilities  which  Mr. 
Mordey  obtained  from  the  City  of  London  Company,  for  what 
might  be  called  a  laboratory  experiment,  may  also  be  given  to 
him,  if  he  has  not  got  it  already  (I  rather  think  he  has),  as  to 
this  extremely  novel  and  practical  state  of  things  which  has  been 
now  in  existence  at  our  very  doors  for  nearly  twelve  months,  and 
with  such  success,  I  understand,  that  in  at  least  one  case  the 
generating  units  serving  from  one  or  the  other  source  have  had 
suddenly  to  take  the  full  load.  What  adds  to  the  probable  interest 
of  such  information  is  that  the  phases  of  the  two  dynamos  were 
originally  diflferent — ^namely,  100  in  the  Mordey,  and  130  in  the 
Thomson-Houston.  Of  course  this  difficulty  has  been  overcome, 
but  I  am  not  in  a  position  to  say  how  it  has  been  done,  although 
we  all  know  it  is  not  a  very  serious  matter. 

Capt.  H.  R.  Sankey  :  I  would  like  to  take  this  opportunity 
of  confirming  what  Mr.  Mordey  said  with  reference  to  the  ease 
with  which  the  two  Mordey  alternators,  coupled  direct  to  Willans 
engines,  could  be  run  in  parallel  at  the  experiments  at  Thames 
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Ditton.  There  was  not  the  slightest  difficulty  in  putting  them  c«pt. 
into  parallel,  nor  was  there  any  sign  whatever  of  their  trying 
to  get  out  of  step.  Moreover,  everything  that  could  be  thought 
of  was  done  to  get  them  out  of  step,  but  without  success,  with 
one  exception.  A  brake  was  put  on  the  fly-wheel  of  one  of  the 
sets,  with  the  object  of  reducing  its  speed,  and  it  was  found 
that  the  speed  of  the  other  set  was  equally  reduced,  as  if  they 
had  been  mechanically  geared  together.  In  this  manner  the 
speed  of  both  sets  was  gradually  lowered,  until  it  was  only  25 
revolutions  per  minute,  when  at  last  they  got  out  of  step.  The 
set  on  which  there  was  no  brake  then  ran  up  to  about  500 
revolutions,  and  the  other  remained  running  at  25  until  the 
plank  which  was  used  as  a  brake  had  been  removed.  I  cannot 
speak,  unfortunately,  so  positively  about  the  "simbeam"  lamp 
experiment — the  experiment  that  forms  such  an  important  part 
of  this  paper — neither  can  any  members  of  the  testing  staff  at 
Thames  Ditton  give  any  information.  The  fiujt  is  there  was 
an  idea  that  this  experiment  was  a  private  one  between 
Professor  Forbes  and  Mr.  Mordey,  and  for  that  reason  practi- 
cally no  notes  were  taken.  I  went  through  all  our  records 
at  Thames  Ditton,  at  Mr.  Mordey's  request,  and  the  only 
thing  I  found  was  the  indicator  card  which  is  reproduced 
in  Mr.  Mordey's  paper  (see  p.  264),  and  which  had  some 
notes  on  it  in  Mr.  Willans's  handwriting.  As  regards  the  cause 
of  the  pulsation  in  the  light  of  the  <<  sunbeam "  lamps,  I  am 
inclined  to  agree  with  Mr.  Mordey's  first  supposition — that  it 
was  due  to  synchronism  between  the  changes  of  load  on  the 
engmea  and  the  time-period  of  the  governor,  so  that  a  disturbance 
once  set  up  would  continue.  I  do  not  think  it  was  due  to 
hunting  of  the  governors ;  and  this  view  of  the  matter  is  confirmed 
by  Mr.  Low,  who  had  charge  of  the  engines,  and  is  perfectly  certain 
that  their  governors  were  not  hunting.  The  indicator  card  above 
alluded  to  would  no  doubt  be  produced  if  the  governor  was 
hunting,  but  it  would  also  be  produced  if  the  governor  was  not 
hunting,  but  was  sufficiently  sensitive  to  follow  up  rapid  changes 
of  load — such  changes  as  might  be  produced  by  the  pulsation  in 
question.    This  card  is  therefore  no  proof  that  the  governor  was 
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hunting.  To  put  the  matter  beyond  doubt,  I  took  some  indicator 
cards  this  morning.  I  first  of  all  took  a  diagram  when  the  engine 
was  working  with  a  perfectly  steady  load  on  the  dynamo  of 
81,600  watts,  and  running  at  372  revolutions.  The  indicator 
pencil  was  held  down  for  half  a  minute,  so  that  more  than  180 
indicator  diagrams  were  superimposed  one  on  top  of  the  other, 
and  the  engine  was  rimning  so  steadily  that  the  result  looks 
like  an    ordinary   indicator   card,   as  shown  in  Fig.    A.      The 

load  was  then  varied  backwards 
and  forwards  from  87,000  to 
79,500  watts,  including  inter- 
mediate loads,  by  means  of  a 
_  stepped  shunt  resistance,  at 

the  rate  of  about  30  times 
a  minute,  and  the  resulting  indicator  card — the  pencil  being 
held  down  as  before  for  half  a  minute  —  was  identical  with 
that  shown  by  Mr.  Mordey  in  his  Fig.  1  (see  p.  264),  as 
will  be  seen  from  Fig.  B.  The  governor  was  then  put  out  of 
adjustment  so  as  to  hunt,  which  was  found  to  be  a  somewhat 
diflScult  thing  to  do.    The  indicator  card  produced  (Fig.  C)  was 


Fio.  B.  Fio.  C. 

precisely  similar  to  the  oneTobtained  with  the  varying  load,  and 
it  would  be  quite  impossible  by  merely  looking  at  the  cards 
to  tell  which  one  was  due  to  hunting  of  the  governor,  and 
which  to  varying  the  load.  I  then  thought  it  might  be  of 
interest  to  ascertain  how  sensitive  the  governor  was,  and  for 
Ihis  purpose,  after  readjusting  it,  a  definite  change  of  load  was 
made  at  diflferent  rates  by  varying  the  shunt  as  before.  First 
the  load  was  changed  from  82,000  watts  to  76,000  watts,  and 
back  again  to  82,000,  ten  times  a  minute,  and  the  card  reproduced 
in  Fig.  D  was  obtained;  then  various  higher  rates  per  cent, 
were  tried,  with  the  same  result,  until  the  rate  reached  192 
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changes  per  minute,  and  still  there  was  a  distinct  fluctuation  in  o^^ 
the  card,  as  shown  on  Fig.  E,  thus  proving  that  the  governor  was 


Fig.  D. 


Fio.  E. 


sensitive  enough  to  easily  follow  and  act  on  changes  of  load 
occurring  at  such  extremely  short  intervals  as  one-sixth  of  a  second. 
As  regards  the  resistance  of  the  **  sunbeam  "  lamps — a  point  which 
Mr.  Mordey  referred  to— I  measured  the  resistance  of  one  of  them, 
cold,  by  Wheatstone  bridge,  and  hot,  at  varying  degrees  of  incan- 
descence :  the  results  are  given  in  Fig.  F. 
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I  had  not  the  pleasure  of  being  here  at  the  last  meeting, 
but  understand  that  Mr.  Baworth  said  that  the  whole  of 
this  fluctuation  was  a  mechanical  effect  due  to  hunting  of 
the  governors,  and  that  so  long  as  there  was  friction  there 
must  be  hunting  in  governors.  Now  it  is  quite  certain 
that  there    are  governors  that  do  not  hunt,  and    it    is    also 
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equally  certain  that  those  governors  must  have  some  friction 
in  them.  No  doubt  friction  is  a  very  usual  cause  of  hunting 
in  governors;  but  it  depends  more  on  where  the  friction  is 
than  on  the  amount,  and  it  is  only  necessary  to  observe  a 
certain  minimum  proportion  between  the  power  of  the  governor 
and  the  friction.  There  are  also  many  other  causes  which  will 
produce  hunting.  For  instance,  a  curious  injector  action  some- 
times takes  place  with  a  badly  designed  throttle-valve,  causing 
periodic  variations  in  the  pull  on  the  throttle-valve  rod ;  and 
there  may  be  also  a  synchronism  between  the  time-period  of  the 
governor  (the  system  of  the  balls  and  springs  being  looked  upon 
in  the  light  of  a  pendulum)  with  the  changes  in  turning  effort 
of  the  engine,  or  even — exceptionally — with  waves  of  pressure 
in  the  steam  pipe,  looked  upon  as  an  organ  pipe. 

Beferring  again  to  the  <' sunbeam^  lamp  experiments,  I  believe 
they  were  carried  out  on  the  spur  of  the  moment  at  the  request 
of  Professor  Forbes ;  and  no  doubt,  had  Mr.  Mordey  foreseen 
their  effect,  he  would  have  wished  to  have  continued  the  experi- 
ments until  he  had  found  out  the  cause  of  the  pulsation  in  the 
lamps.  Possibly  it  might  meet  his  views  to  repeat  those 
experiments;  therefore  I  would  make  this  proposition:  If  Mr. 
Mordey  will  send  to  Thames  Ditton  a  couple  of  30-kilowatt 
alternators  of  his  make,  they  will  be  coupled  up  direct  to  two 
Willans  engines,  and  we  can  try  experiments  until  this  matter 
has  been  thoroughly  threshed  out;  and  the  result,  whatever  it 
may  be,  can  be  reported  to  the  Institution. 

Professor  Ayrton  :  At  the  last  meeting  the  discussion  turned 
somewhat  on  methods  of  synchronising  alternators,  and  I  will 
say  a  word  or  two  on  that  subject.  The  ordinary  method  of 
synchronising  alternators  is,  of  course,  familiar  to  you  all  You 
have  a  transformer  wound  with  two  primary  coils  and  one  second- 
ary coil.  The  currents  passing  through  the  two  separate 
primaries  are  produced  by  the  two  alternators,  and  their  result^ 
ant  action  is  seen  from  a  glow  lamp  inserted  in  the  common 
secondary.  Now  all  this  elaboration  of  a  specially  wound 
transformer  can  be  dispensed  with  if  electrical  engineers  will 
condescend  to  deal  with  the  pressure  at  the  terminals  of  their 
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own  dynamos,  instead  of  always  transfonning  down  before  making  p^*^' 
a  measurement ;  and  if  they  will  also  use  electrostatic  instruments 
instead  of  electro-magnetic — electrostatic,  I  say,  because  if 
electro-magnetic  instruments  were  used  in  the  way  I  am  about 
to  describe  it  would  require  that  the  two  alternators  should  be 
electrically  joined  together  before  they  were  synchronised,  and, 
naturally,  electrical  engineers  would  object  to  that. 


Supposing  we  have  any  two  alternators,  P,  p ;  one  of  them, 
P,  being  already  attached  to  the  omnibus  bars,  0,  0,  supplying 
current  to  the  outside  circuit,  and  the  other  alternator,  p^  having 
to  be  brought  into  synchronism  with  P.  Then  the  following  is 
an  arrangement  which  Mr.  Mather  and  I  have  thought  out : — ^Join 
one  terminal.  Ay  of  one  alternator,  P,  to  one  terminal,  a,  of  the 
other  alternator,  j9,  not  necessarily  through  a  low  resistance,  which 
an  electrical  engineer  might  object  to,  but  through  a  high  resist- 
ance, r — as  high  as  20  megohms  if  you  like  :  the  very  finest  pencil 
line  drawn  on  a  piece  of  ebonite  or  slate  will  be  a  good  enough  elec- 
tric connection  for  our  purpose.   Next  connect  the  other  terminals, 
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Profesaor  B,  6,  of  the  altemators  to  the  binding  screws  of  any  electrostatic 
voltmeter — and  I  am  using  the  word  now  in  a  most  comprehensive 
form — an  electroscope,  a  vacuum  tube,  anything  you  like  which 
electrostdtically  indicates  a  large  P.D.  You  may  use,  for  instance, 
an  insulated  electroscope.  You  do  not  want  the  leaves  to  be  made 
of  gold  leaf ;  tinfoil  leaves  will  do,  and  they  need  not  be  small,  like 
the  ordinary  leaves  of  a  gold-leaf  electroscope ;  they  may  be  even 
a  foot  and  a  half  long.  Then,  since  the  leaves  are  attached  to 
the  terminal  B  of  one  of  the  altemators,  and  the  tinfoil  outside 
coating  of  the  electroscope  T  attached  to  the  terminal  6  of  the 
other  alternator,  the  divergence  of  the  leaves  indicates  the  P.D. 
between  the  terminals  B  and  b  of  the  altemators.  But  the  other 
terminals,  Aj  a,  of  the  altemators  are  electrically  connected  by  a 
conductor  which,  although  of  high  resistance,  is  quite  able  to 
keep  these  terminals  at  the  same  potential.  Hence  the  diver- 
gence of  the  leaves  of  the  electroscope  at  any  moment  is  a 
measure  of  the  extent  to  which  the  altemators  are  out  of  phase. 

If  the  altemators  each  generate  2,000  volts,  then,  as  the 
second  altemator  is  speeded  up,  the  P.D.  between  the  leaves  and 
the  outside  case  of  the  electroscope  will  vary  between  4,000  volts 
and  zero,  being  4,000  volts  when  the  altemators  are  exactly 
opposite  in  phase,  and  zero  when  they  are  exactly  in  phase.  At 
first  the  leaves  will  open  out  and  shut  up  rapidly,  then  they  will 
open  and  shut  up  more  slowly,  and,  finally,  they  will  stay  closed 
up  for  an  appreciable  time.  At  that  moment  throw  the  altemators 
into  parallel. 

The  arrangement  is  feir  more  dead-beat  than  a  glow  lamp, 
for,  of  course,  the  luminosity  remains  for  some  time  in  the  lamp. 
It  is  an  apparatus  which  can  be  constmcted  very  cheaply,  and 
will  cost  far  less  than  a  specially  wound  transformer  with  three 
circuits  on  it.  It  may  be  made  as  large  as  you  like,  so  as  to  be 
easily  seen  from  a  distance.  You  want  no  scale,  no  accurate 
calibration. 

It  does  not  matter  whether  this  synchronising  electrostatic 
voltmeter  reads  accurately  to  1  per  cent,  or  10  per  cent,  or  20 
per  cent.  The  instrument  may  therefore  be  as  wrong  as  you 
like,  looked  at  from  the  point  of  view  of  an  accurate  electro- 
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static  voltmeter.  All  that  is  needed  is  an  electrostatic  mnge  Profeseor 
which  shows  a  large  divergence  at  4,000  volts,  and  no  divergence 
at  all  for  zero  P.D.  The  arrangement  is  simple,  cheap,  quick  in 
acting,  and  perfectly  safe,  for  its  use  does  not  require  you  to 
connect  the  alternators  together,  therefore  there  is  no  fear  of 
one  dynamo  damaging  the  other.  We  have  practically  employed 
this  arrangement  in  my  laboratory,  and  find  that  by  its  use  two 
alternators  can  be  sychronised  with  perfect  ease  and  certainty. 
The  electroscope  employed  was  an  ordinary  one  with  small  ^i^i- 
foil  leaves,  but  not  one  with  leaves  a  foot  or  more  long,  such  as  I 
should  construct  for  a  central  station,  so  that  they  could  be  easily 
seen  from  a  distance.  But  that,  of  course,  does  not  affect  the 
principle  of  this  synchronising  device. 

The  method  is,  indeed,  so  simple  that,  were  it  not  that  we  have 
n^ver  seen  it  used  in  any  central  station  that  we  have  visited,  nor 
seen  it  described  or  even  referred  to  in  any  of  the  technical  papers, 
or  descriptions  of  central  stations,  we  should  have  imagined  that 
the  idea  must  have  occurred  to  others. 

Prof.  GrEORGE  FoRBES  [commvm^icoted]  I  The  working  of|*J^' 
alternators  in  parallel,  or  as  motors,  has  hitherto  been  generally 
studied  as  a  result  of  self-induction.  The  remarkable  results 
which  I  witnessed  in  the  Mordey  machine  some  years  ago  led 
me  to  examine  mathematically  the  result  of  there  being  no  self- 
induction,  if  this  were  possible,  in  practice.  If  the  motor  have 
a  less  E.M.F.  than  the  generator,  and  they  be  in  the  same  phase, 

work  is  done  on  the  motor  at  a  rate  =  ^ — -— i watts,  if 

E,  E'  are  the  E.M.F,'s  of  generator  and  motor  respectively,  and 

R  the  resistance  of  the  circuit.    If  the  motor  differs  in  phase, 

either  in  advance  or  retardation,  from  the  generator  by  an  angle 

^1  1   J        .X        X        E  E'  cos  a  —  E'  * 

a,  the  work  done  is  at  a  rate  =  --— watts. 

2  jx 

Since  this  work  is  a  maximum  when  there  is  no  lag,  and 
decreases  with  the  angle  of  lag,  the  only  stable  position  is  when 
the  motor  is  in  advance  of  the  generator. 

If  at  starting  in  approximate  synchronism  a  has  not  the  value 

which  makes  ^-^ =  the  rate  of  doing  work,  there 
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Professor  will  be  superimposed  upon  the  uniform  rotation  of  the  motor  an 
oscillation  about  the  true  value  for  a,  until  these  oscillations  are 
damped  out  by  friction.    The  period  of  these  oscillations  is 


27r  V  I 
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EE'sina' 

where  M  is  the  equivalent  mass  of  the  revolving  part  of  the 
motor  at  unit  radius. 

Hence,  if  R  be  small,  the  period  is  small ;  and  in  the  Mordey 
machine  it  gives  a  low  musical  note,  which  I  judged  at  16  (\J 
per  second,  and  which  sounded  like  a  deep  groan  when  two 
alternators  were  put  in  parallel  with  no  added  resistance,  and  with 
initial  imperfect  synchronism.  With  a  larger  value  of  R  the 
period  is  longer,  and  in  one  case  amounted  to  two  seconds  to 
four  seconds  for  the  complete  period,  as  judged  by  me  from 
the  pulsations  of  the  '^  sunbeam  "  lamps  in  our  Thames  Ditton 
experiment. 

I  send  these  notes  of  what  I  worked  out  some  years  ago,  in 
great  haste,  and  I  will  probably  extend  them  in  another  form 
before  long.     [Niagara  FaUa^  N.Y.j  March  20,  1894.] 

Mr.  Mordey  says  he  thinks  I  was  unfair  in  condemning  the 
Mordey  dynamo  as  unsuitable  for  our  work  at  Niagara.  In 
answer  to  his  late  remarks  before  the  Institution,  I  will  now  give 
reasons  in  detail  for  not  using  his  machines. 

1.  Hunbimg  with  Eeaieixmce  in  Series. -— The  account  given 
by  Mr.  Mordey  of  our  now  memorable  experiments  at  Thames 
Ditton  does  not  accord  with  my  recollections,  and  Mr.  Mordey's 
present  satisfaction  with  the  results  contrasts  forcibly  with  his 
consternation  at  the  time,  which  I  had  difficulty  in  concealing 
from  the  Press  representatives,  and  which  I  took  the  trouble  to  do 
in  Mr.  Mordey's  interest ;  and  for  the  same  reason  we  did  not 
let  them  know  the  object  of  the  experiment,  which  was  for  our 
private  information.  The  experiments  just  referred  to  led  me  to 
see  that  certain  theoretical  results  which  I  had  arrived  at  were 
correct,  and  militated  against  the  use  of  a  machine  with  small 
self-induction.  I  have  communicated  some  of  these  in  a  hurried 
note  to  the  Institution  a  fortnight  ago  (see  above).  I  will  now 
proceed  with  others. 


1894.]  DISCUSSION.  808 

2.  Absence  of  Self-Inchiction. — Mr.  Mordey  has  claimed  that  ^^^^ 
he  has  advantages  in  nsing  a  sudden  rush  of  current  for  syn- 
chronising purposes  instead  of  using  the  lag  as  explained  by 

Dr.  Hopkinson.  I  consider  this  most  dangerous  in  practice,  and 
it  follows  that  putting  a  resistance  in  the  line  affects  his  machine 
more  than  others. 

3.  Effects  of  Short-'Gircuitmg. — If  a  short-circuit  on  the 
dynamo  occurs,  the  machine  with  small  self-induction  breaks 
.down  where  others  would  not  do  so. 

4.  Breakdowns. — For  the  information  of  engineers  Mr. 
Mordey  will  probably  have  no  objection  to  publishing  the  number 
of  breakdowns  he  has  had  in  the  City  of  London  works.  A 
comparison  with  the  performance  of  the  Thomson-Houston  plant 
would  also  be  of  interest.  I  know  something  of  the  facts,  but  it 
would  be  more  satis&ctory  to  have  them  from  Mr.  Mordey's  pen. 

5.  AbseTice  of  Magnetic  Leakage. — Mr.  Mordey  has  claimed 
that  with  his  arrangement  of  the  north  poles  all  on  one  side,  and 
the  south  poles  all  on  the  other  side,  of  the  armature  he  is  not 
troubled  with  magnetic  leakage.  This  is  qtdte  incorrect.  The 
magnetic  leakage  fills  up  the  space  between  the  poles  with  lines 
of  force,  crossing  the  armature  at  a  point  where  there  ought  to  be 
no  magnetic  field.  The  performance  of  the  machine  depends 
upon  the  difference  of  induction  at  the  poles  and  at  the  gaps. 
This  machine  has  its  electro-motive  force  reduced  by  magnetic 
leakage  more  than  most  machines. 

6.  Weight. — The  weight  of  the  revolving  part  of  this  type  of 
machine  becomes  quite  unmanageable  when  we  come  to  the  large 
units  necessary  at  Niagara  Falls. 

7.  Cost. — The  great  advantage  usually  claimed  for  the  single 
exciting  coil  is  the  reduction  in  copper  used,  and  consequent  cost. 
In  practice  this  gain  is  not  attained.  The  Mordey  machines  do 
not  cost  less  than  others. 

I  hope  Mr.  Mordey  will  consider  that  I  have  been  sufficiently 
explicit  in  giving  my  reasons  for  objecting  to  his  method  of 
working,  at  least  in  certain  cases.  For  certain  purposes  it  is 
admirable,  and  he  is  aware  that  I  have  used  many  opportunities 
for  saying  so. 
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profcMor  As  to  the  experiments  mentioned  in  his  late  paper  to  show 

that  there  is  no  hunting,  they  go  too  far,  and  seem  to  prove  that 
our  eyes  misled  us  at  Thames  Ditton.  The  explanation  is  simple, 
and  is  well  known  to  everyone  accustomed  to  work  with  synchro- 
nising alternators.  These  last  results  are  selected.  They  are  the 
results  of  experiments  with  a  careful  adjustment  of  the  strength 
of  field  as  regulated  by  the  exciting  current.  They  do  not 
represent  everyday  practice. 

I   would   like   to  add   an  explanation  about  Fig.   2   in  Mr. 
Mordey's  paper,  where  results  are  given  which  are  well  known. 
When  the  field  of  the  motor  is  highly  excited  the  self-induction  is 
reduced,  and  the  motor  leads  in  accordance  with  the  equations 
forwarded  by  me  to  you  a  fortnight  ago.     When  the  field  excita- 
tion   is    reduced,    self-induction    plays  an  important  part,   in 
accordance  with  Dr.  Hopkinson's  equations,  and  the  motor  does 
not  lead,  but  lags.    Mr.  Steinmetz  has  worked  out  these  results, 
and  has  also  shown  that  a  synchronising  alternator  at  the  end  of  a 
line  acts  as  a  capacity  and  kills  the  lag  due  to  self-induction. 
[/San  FraofwiacOy  April  2,  1894.] 
Mr.  Moidt^y.        Mr.  MoRDEY,  iu  reply,  said :  Before  entering  on  my  reply  to 
the  observations  of  the  various   speakers,  I  wish  to  correct   an 
impression  that  my  paper  was  directed  entirely  to  replying  to  or 
explaining  certain  criticisms  and    objections    put    forward    by 
Professor  Forbes.      This  was  by  no  means  the  case.      It  was 
only  one,  and  the  lesser,  of  my  objects.    The  paper  was  intended 
to  be  one  of  general  interest  on  the  subject  of  its  title,  and 
Professor  Forbes's  criticisms  were  merely  taken,  as  I  explained  at 
the  outset,  as  a  starting  point  and  text,  because  they  conveniently 
bring  out  a  number  of  points  which  seemed  to  require  clearing 
up,  and  on  which  it  appeared  to  me  very  little  had  been  said 
or  written.     With  your  permission,  I  will  take  the  speakers  in 
the  order  of  their  speeches,  and  will  be  as  brief  as  I  can,  as  there 
are  interesting  papers  to  follow. 

My  colleague  Mr.  Saworth,  in  opening  the  discussion,  was 
perhaps  under  the  disadvantage  of  not  having  read  the  paper 
carefully.  He  probably  did  not  notice  that  I  attributed  to  the 
governors  exactly  the  kind  of  action  that  he  has  explained,  and 
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I  am  glad  to  have  his  confirmation  of  my  views  on  that  point.  Mr.  Mordey. 
Either  of  my  explanations  is  competent  to  account  for  the  whole 
thing,  but  I  am  inclined  to  divide  it  between  them.     I  do  not  go 
quite  as  £Eur  of  Mr.  Raworth  in  the  mechanical  explanation. 

As  to  whether  governors  must  necessarily  hunt,  I,  for  my  part, 
will  stop  at  the  pulley  of  the  dynamos,  and  leave  Mr.  Raworth 
to  go  further,  and  to  settle  with  Captain  Sankey  whether 
governors  must  hunt  or  not. 

Mr.  Sparks  followed  Mr.  Raworth,  and  emphasised  the  need 
for  steady  turning  of  the  engines  driving  alternators  in  parallel 
work.  From  Mr.  Sparks*s  experience  at  Deptford,  I  was  very  glad 
to  hear  that  expression  of  his  opinion.  He  has  there  seen  a  good 
deal  of  working  with  slow  engines,  even  with  slow  horizontal 
single-crank  engines,  the  worst  type  of  all  that  could  possibly 
be  used  for  parallel  working;  he  therefore  speaks  from  rather 
singular  experience. 

The  next  speaker  was  Mr.  Weekes,  who  supported  my  view 
that  the  change  in  the  resistance  of  the  lamps  was  contributory 
to  the  hunting. 

Mr.  Kapp  spoke  at  considerable  length,  and,  as  usual  with 
him,  his  observations  were  of  very  great  interest.  Mr.  Kapp 
does  not  complain  of  the  spur-wheel  analogy,  but  he  draws 
from  it  conclusions  different  from  my  own.  I  do  not  agree 
with  him  in  the  conclusion  that  he  arrives  at  as  the  result  of 
considering  that  analogy.  In  referring  to  the  two  types  of  alterna- 
tors— ^to  what  I  compared  to  the  stiff  and  the  flexible  spur  wheels 
— he  argued  in  flavour  of  the  latter,  because  he  supposed  that "  the 
**  more  it  yields,  the  greater  the  force  it  exerts."  On  this  point  I 
am  not  at  one  with  him.  I  think  that,  in  reply  to  something 
which  fell  from  Professor  Thompson,  he  really  supplied  the  argu- 
ment against  his  own  view.  Professor  Thompson  supported  the 
view  which  I  had  taken  in  my  paper,  that  the  flexible  teeth  were 
necessarily  weak  teeth,  and  Mr.  Kapp  interposed  with  a  remark  to 
the  effect  that  the  weakness  and  the  tendency  to  get  out  of  step 
is  prevented  by  regulating  the  field  excitation.  I  would  point  out 
that  that  really  is  the  pith  of  the  whole  question ;  it  is  a  question 
between  the  amount  of  regulation  and  between  good  regulation 
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Mr.  Mordey.  and  bad,  as  I  will  presently  try  to  explain.  A  weak-toothed 
alternator  is  a  machine  the  field  magnetism  of  which  is  twisted 
out  of  shape  and  pulled  round  by  reactions,  so  that  the  armature 
and  the  field  take  up  relatively  disadvantageous  positions.  This 
must  necessarily  mean  a  weakened  tooth.  But  Mr.  Kapp  in 
effect  says,  "Yes,  but  you  can  avoid  that  by  adjusting  the 
"  field  when  this  weakening  is  taking  place."  Unfortunately,  you 
cannot  do  that.  For  instance,  under  the  circumstances  that  I 
mentioned  and  dealt  with,  I  am  afraid  at  considerable  length  (in 
trying  to  make  these  analogies  clear),  I  pointed  out  that,  whilst 
one  engine  is  going  over  the  dead  centre  and  slowing,  while 
another  engine  is  taking  steam  and  accelerating  a  little,  there 
is  a  difference  in  speed  between  them,  or  a  tendency  to 
difference  in  speed,  which  must  be  counteracted  by  very  rapid 
interchange  of  power  between  the  two  machines.  This  means 
that  at  each  stroke  of  the  engine,  or  perhaps  twice  in  each  stroke, 
or  oftener  (according  to  the  number  and  setting  of  the  cranks), 
there  is  an  interchange  of  power  taking  place.  Now,  of  course,  it 
will  be  acknowledged  that  no  one  can  possibly  regulate  for  that. 
This  is  one  reason  why  I  argue  in  favour  of  machines  being 
designed  which  do  not  require  this  regulation, — not  merely  because 
they  give  a  constant,  or  nectrly  constant,  strength,  a  constant  syn- 
chronising effort,  but  (what  follows  from  their  having  that  quality) 
because  they  comply  with  what  ought  to  be  one  of  the  principal 
conditions  necessary  to  the  good  working  of  central  stations — ^I 
mean  that  they  have  nearly  a  constant  E.M.F.  Perhaps  I  may 
be  allowed  to  use  a  diagram  to  explain  my  meaning.  Let  us 
take  the  curves  connecting  E.M.F.  and  current  in  the  two  types 
of  alternators.  Horizontal  values  represent  load,  vertical  values 
represent  E.M.F.  Then  a  perfect  machine  for  parallel  working 
for  alternate-current  distribution,  as  well  as  for  the  purposes  of 
a  good  and  even  supply,  would  be  one  that  gave  a  perfectly 
straight  line,  a  b.  No  machine  gives  such  a  result,  but  I 
suppose  all  designers  attempt  to  approach  it.  In  order  to  correct 
any  departures  from  it,  the  excitation  has  to  be  regulated  either 
by  hand  or  by  some  method  of  automatic  regulation  or  com- 
pounding.   That  is  to  say,  in  order  to  get  that  straight  line 
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with  any  machines,  you  have  to  increase  the  excitation  of  the  Mr  Hordey. 
field  as  the  load  goes  on.    You   may  have   to   increase  it  a 


Amperes, 


great  deal  or  only  a  very  little.  Take  the  two  cases.  First 
take  the  tjrpe  of  alternator  with  yielding  teeth.  Let  the 
excitation  be  such  as  gives  fall  E.M.F.  with  no  load.  Do  not 
increase  the  excitation  at  all,  and  put  the  whole  load  on,  either 
gradually  or  all  at  once,  and  the  E.M.F,  will  fall,  giving  you  a 
curve  something  like  a  c.  This  drooping  curve  may  be  such 
VOL.  xxin.  22 
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Mr.  If ordry.  (and  you  may  be  snrprised  to  hear  that  I  speak  firom  experience 
of  modem  machines  made  by  people  of  good  reputation)  that 
the  machine  will  actually  not  give  its  full  current,  even  with  no 
terminal  volts  (that  is,  on  short-circuit),  with  that  minimum 
excitation.  Suppose  that  you  then  began  to  raise  the  excitation 
so  as  to  get  the  volts  up  again  to  6.  We  will  suppose  that, 
having  in  this  way  got  full  current  and  full  volts,  you  then 
switch  the  load  off;  or  (what  may  happen  at  any  time)  we  will 
suppose  that  the  fuses  give  way  for  some  reason  or  other. 
You  have  no  possible  opportunity  of  regulating  the  fields :  it  is 
an  instantaneous  matter,  and  the  machine  has  to  take  its  chance. 
The  terminal  volts  have  gone  up  firom  btod. 

Now  consider  the  type  of  machine  with  strong  or  unyielding 
teeth ;  and  I  may  be  allowed  to  refer  to  500-kilowatt  machines 
of  my  own  design,  as  I  can  give  actual  figures.  The  variation  of 
volts  was  about  4  per  cent,  either  way.  That  is,  with  the  excita- 
tion fixed,  the  drop  was  firom  a  c  to  a  e  when  the  whole  load 
was  suddenly  thrown  on ;  the  rise  was  firom  a  c  to  a  f  when 
the  whole  load  was  suddenly  switched  off.  That  is  to  say, 
suppose  the  engine  to  be  running  at  constant  speed,  you  could 
put  the  whole  load  on  or  take  it  off,  as  you  like,  and  you  would 
only  have  the  variation  of  E.M.F.  that  is  shown  between  e  and/. 
Not  only  is  the  amount  of  hand  or  automatic  regulation  that  is 
necessary  to  mainfAJn  a  constant  E.M.F.  very  small,  but  the 
variation  in  voltage,  with  changes  of  load,  is  comparatively 
unimportant. 

Now  imagine  machines  of  these  types  running  parallel  with 
engines  that  are  unsteady  in  speed ;  the  governors  are  sticking  or 
hunting,  or  the  driving  may  be  normal  but  uneven.  The 
alternators  are  giving  corresponding  pulsations ;  the  current  is 
i^uying*  "VMiat  happens  to  the  machine  which  has  yielding 
t^et  h  or  a  drooping  curve  ?  Its  EJM^.F.  is  alternating  between 
natbjog  (that  is,  the  point  c)  whenever  it  tries  to  take  a  large 
current^  and  the  point  d  whenever  by  reason  of  its  momentary 
retardatioBt  or  because  of  its  not  having  steam,  the  load  is 
transferred  to  the  other  machine.  These  enormous  variations  of 
EJil>F.  cannot,  of  course,  be  controlled,  and  great  unevenness  of 
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working  is  unavoidable.  In  the  case  of  the  other  machine,  the  Mr.  Mordey. 
variation  of  volts  is  only  from  e  to  /  instead  of  from  cto  d.  And 
it  will  be  observed  that  these  variations  in  either  case  take  place 
with  single  machines  working  on  circuits  which  are  subject  tx) 
variation.  So  that  it  is  not  merely  in  the  parallel  working 
qualities  of  the  machine  that  this  point  is  of  importance.  It  is 
of  very  great  importance,  because  it  affects  practical  qualities  for 
the  purposes  of  an  even  supply.  The  kind  of  complaint  that 
one  has  to  face — and  engineers  of  electricity  stations  will  confirm 
what  I  say — ^is  simply  that  of  variation  of  E.M.F.  The  variation 
of  E.M.F.  is  much  more  difficult  to  avoid  in  machines  of  one 
type  than  in  machines  of  the  other.  Of  course  there  is  no  side 
which  is  so  good  that  the  other  side  is  all  ill;  but  these  are 
some  of  the  considerations  which,  in  my  view,  govern  the  qualities 
that  should  be  aimed  at  in  apparatus  of  this  kind.  This  quality 
of  good  regulation  is  what  you  must  arrive  at  some  day,  and  in 
my  opinion  it  is  what  should  be  made  the  starting-point.  It  is 
quite  possible  to  make  machines  which  have  all  the  other  good 
qualities  without  having  to  &11  back  on  what  I  call  the  Niagara 
type  of  curve. 

Mr.  Kapp  made  some  interesting  remarks  about  the  "  V  "  curves ; 
but  I  am  quite  unable  to  agree  with  him  that,  in  order  to  give  a 
synchronous  motor  a  suitable  margin,  it  should  be  excited  to  the 
same  E.M.F.,  or  preferably  higher  than  the  generator.  My  tests 
E,  F,  and  Gr,  and  the  reasoning  from  them,  seem  to  me  to  point  to 
an  opposite  conclusion — namely,  that  the  motor  will  most  readily 
do  its  work  and  keep  in  step,  and  with  the  smallest  current,  when 
its  E.M.F.  is  slightly  lower  than  the  E.M.F.  impressed  on  it  from 
its  source  of  supply.  If  its  E.M.F.  is  higher  it  can  only  receive 
current  by  slightly  departing  from  the  most  advantageous  phase 
relation. 

Professor  Thompson  followed  Mr.  Kapp.  I  need  not  frirther 
refer  to  what  passed  between  him  and  Mr.  Kapp  on  the  con- 
clusions to  be  drawn  from  my  analogies. 

The  subject  of  governors  and  of  a  common  steam  supply, 
as  introduced  by  Professor  Thompson,  is,  in  my  view,  a  very 
important  one,  but  in  answer  to  his  question   I  am  not  able 
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Mr.  Moidey.  to  refer  him  to  any  case  of  the  use  of  such  a  common  supply ; 
but  I  would  like  to  be  allowed  to  recall  attention  to  some 
remarks  of  mine  on  the  subject  in  a  previous  volume  of  the 
JcfwnvaX^  in  which  I  pointed  out  that  when  two  or  more  machines 
are  working  together  parallel  they  are  practically  one  machine, 
and  necessarily  driven  at  one  speed.  It  is,  therefore,  on  the  feuse 
of  it  wrong,  although  it  may  be  convenient  for  practical  reasons, 
to  have  them  governed  individually  by  speed  governors.  The 
speed  governors,  of  course,  cannot  govern  at  all  if  the  speed 
remain  constant,  as  it  is  supposed  to  do.  Under  these  circum- 
stances individual  governing  by  speed  governors  is  unsatisfactory. 
If  the  governors  were  all  exactly  alike  in  range  and  sensitiveness, 
all  the  machines  would  rise  and  £eJ1  in  speed  together  within  the 
limits  of  the  governing  range,  and  with  properly  proportioned 
power.  In  practice  they  keep  together  by  a  sort  of  perpetual 
give-and-take  arrangement  which  leaves  much  to  be  desired. 
Therefore  I  pointed  out  that,  at  any  rate  theoretically,  the  right 
way  appears  to  be  to  let  all  the  engines  run  without  governors, 
to  run  on  a  common  steam  supply,  and  to  let  the  steam  supply 
be  governed  by  one  governor  (driven  mechanically  or  electrically 
in  connection  with  the  engines  or  alternators),  or  by  hand,  and  in 
such  a  way  as  to  keep  the  speed  constant  for  the  varying  loads.  I 
daresay  engineers  will  have  objections  to  raise  on  the  score  of  effi- 
ciency of  steam  consumption  to  that  proposal,  but  as  far  as  it  goes 
it  seems  to  be  sound  enough.  And  I  pointed  out  that  if  there  are 
any  governors  on  the  individual  engines  they  should  be  dynamo- 
metric  governors,  and  not  speed  governors;  and  that  the  speed 
governors  should  be  used  merely  for  the  purpose  of  preventing 
injury  in  case  of  disconnection  or  fuses  going,  or  any  injurious 
racing.  A  very  good  safety  governor  of  this  kind  is  the  thing 
used  in  the  North  country,  and  which  is,  I  believe,  called  an 
electric  engine-stopper.  It  lets  steam  into  a  little  auxiliary 
cylinder,  which  turns  off  steam  at  the  stop  valve. 

General  Webber  has  asked  me  a  question  that  I  am  not  able 
to  reply  to  as  to  the  working  of  the  plant  at  the  Wool  Quay 

*  Jaumalt  xxii.,  p.  198. 
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Bub-station  and  at  Bankside.    I  never  was  at  Wool  Quay  in  my  Mr.  Mordey. 
life- 

I  have  to  thank  Captain  Sankey  for  recalling  to  my  mind  the 
&ct  that  at  Thames  Ditton  we  did  not  get  the  machines  out 
of  step  nntil  we  had  pulled  the  speed  down  firom  about  600  to 
25  revolutions  per  minute.  I  did  not  quite  understand  him  as 
to  the  difference  between  the  time-period  of  a  governor  and  the 
hunting  of  a  governor,  but  I  am  sure  his  remarks  on  this  and  on 
the  indicator  card  will  be  of  great  interest  when  printed.  I  do 
not  quite  think  that  the  hunting  could  have  been  due  to  change 
of  load  in  the  experiments  that  were  made  in  1891,  because  there 
was  no  load.  I  am  glad  to  have  the  information  also  as  to  the 
resistance  of  the  lamp,  and  to  note  that  the  change  of  resistance 
between  the  incandescent  state  and  the  cold  state  was  even  greater 
than  I  supposed.  That  goes  a  long  way  to  support  the  contention 
I  raised  that  this  very  marked  change  in  the  resistance  of  the 
circuit  between  the  machines  had  a  great  deal  to  do  with  the 
hunting.  Captain  Sankey's  kind  offer  to  afford  opportunities  for 
further  testing  would  have  been  accepted  with  pleasure  if  I  did 
not  feel  that  the  subject  had  already  been  pretty  fully  thrashed 
out. 

Professor  Ayrton's  idea  as  to  static  synchronisers  has  occurred 
to  others,  as  he  expected  would  be  the  case.  It  occurred  to 
me  some  two  ye€u:s  ago,  I  think,  and  I  made  some  rough 
experiments  on  pith-ball  and  gold-leaf  electroscopes,  and  other 
forms,  which,  although  not  carried  very  fer,  showed  that  static 
instruments  could  be  used  quite  well  as  phase  indicators.  I 
did  not  pursue  the  matter,  because  for  engine-room  purposes 
it  is  necessary  to  have  a  very  clear  signal  for  the  engine-driver, 
who  is  away,  perhaps,  a  considerable  distance  firom  the  switch- 
board or  synchroniser,  and  it  is  necessary  that  he  should  be  able 
to  see  quite  clearly  what  is  going  on,  and  so  to  adjust  the  speed 
to  give  satisfEictoiy  synchrom'sm.  For  this  reason  a  lamp  seems 
a  necessity,  and  for  this  purpose  it  is  best  to  use  the  usual  double 
transformer.  And,  besides  the  lamp,  a  sensitive  instrument,  in 
addition,  is  an  advantage  for  the  guidance  of  the  person  working 
the  switch ;  an  ordinary  voltmeter  is  readily  put  in  parallel  with 
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Mr  Mordey.  the  lamp.  Thus  both  electrician  and  engine-driver  are  provided 
for.  Otherwise,  I  think  a  static  device  would  work  perfectly  well. 
The  short  communication  sent  by  Professor  Forbes,  dated 
Niagara,  March  20th,  although  evidently  not  intended  to  deal 
with  any  special  point  in  my  paper,  strikes  me  as  singularly 
apposite  to  the  general  question  of  synchronous  running.  For 
four  years  past  I  have  maintained  that  the  practical  solution  of 
this  problem  is  something  different  from  that  deduced  by  Dr. 
Hopldnson  from  his  differential  equations.  That  is  to  say,  without 
disputing  the  correctness  of  his  deduction,  which  made  self- 
induction  the  controlling  £Etctor  in  the  operation,  I  have  argued, 
upon  the  basis  of  experience,  that  the  best  and  most  perfect 
synchronising  was  to  be  obtained  by  using  such  arrangements 
as  would  give  the  readiest  interchange  of  current  between  the 
leading  and  the  lagging  machines;  leading  necessarily  to  the 
view  that  the  absence  rather  than  the  presence  of  self-induction 
was  to  be  desired.  Professor  Forbes,  by  eliminating  from  the 
equations  which  he  now  sends  the  expression  for  self-induction, 
shows  what  then  are  the  conditions  favourable  for  the  main- 
tenance of  synchronism.  The  result  is  that  he  has  adopted 
(without  acknowledgment),  and  has  thrown  into  mathematical 
form,  the  principle  at  which  I  had  arrived,  and  which  I  brought 
before  this  Institution  four  years  ago,  as  a  result  of  experience, 
on  which  occasion  he  was  present.  Now  that  my  views  have 
received  the  consecration  of  afs  and  y's,  I  may  dare  to  hope 
they  will  be  honoured  with  the  tardy  approval  of  those  critics 
who  have  hitherto  failed  to  be  convinced  by  the  logic  of  bats 
expressed  in  the  vulgar  tongue. 

Professor  Forbes  has  sent  a  ftirther  contribution  to  the 
discussion,  dated  San  Francisco,  April  2nd,  and  it  would  have 
given  me  great  pleasure  to  reply  to  it  point  by  point  but  for  the 
&ct  that  my  paper  already  deals  with  most  of  the  issues  raised. 
His  remarks,  for  the  most  part,  amount  simply  to  statements 
which  show  that  our  views  are  not  in  agreement ;  but,  as  I  cannot 
hope  to  convert  Professor  Forbes,  we  must  agree  to  differ. 

A  few  new  points  arise,  however,  out  of  his  communication, 
and  to  these  I  will  briefly  refer. 
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1.  In  view  of  my  previous  satisfiwjtory  trials  (Test  A,  p.  266),  >>'•  Mordey. 
I  had  expected  the  machines  either  to  go  out  of  step  or  to  stay 

in,  and  I  was  therefore  a  little  puzzled  at  first  by  the  hunting ; 
but  to  learn  now  that  my  attitude  was  one  of  *^  consternation  "  is 
certainly  a  surprise  to  me.  I  quickly  arrived  at  an  explanation 
of  the  affair,  and  supposed  Professor  Forbes  had  done  the  same, 
since  from  that  day  till  the  present  occasion  he  never  alluded  to  it. 
The  "  theoretical  results  "  I  have  already  alluded  to. 

2.  With  reference  to  this  section,  I  wish  to  point  out  that 
Professor  Forbes's  statement  is  deserving  of  respect  as  an 
expression  of  his  opinion,  but  it  is  not  a  statement  of  fact.  He 
says  that  my  machine  is  more  affected  than  others  by  having 
resistance  put  in  the  line,  and  considers  that,  instead  of  using  a 
current  for  synchit>msing  purposes,  I  ought  to  use  a  lag.  So  &x 
as  I  can  put  an  interpretation  on  these  words,  they  mean  (put  in 
a  practical  form)  that,  if  I  were  working  a  synchronous  motor  on  a 
line  of  such  high  resistance  that  it  would  not  keep  in  step,  I  should 
enable  it  to.  keep  in  step  by  adding  self-induction  to  the  circuit — 
say  by  putting  a  choking  coil  in  the  circuit.  I  have  not  tried 
this  experiment,  but  believe  it  would  have  exactly  the  opposite 
effect  to  that  expected  by  Professor  Forbes. 

This,  however,  can  be  of  only  theoretical  interest,  seeing  that 
a  number  of  experiments  have  demonstrated  that  the  machines  will 
work  through  at  least  30  times  any  possible  reasonable  line 
resistance.  Professor  Forbes  asserts  that  other  machines  are  less 
affected  by  resistance  than  this,  but  he  supports  this  assertion  by 
no  shred  of  evidence. 

3.  I  have  always  maintained  that  a  machine  that  could  be 
kept  running  with  a  short-circuit  in  it  was  lacking  in  every  other 
good  quality.  Its  reactions  are  so  enormous  that  its  bad  regu- 
lating qualities  render  it  very  difficult  and  objectionable  to  use. 

4.  On  this  point  I  would  only  say  that  the  comparison  asked 
for  would  fully  justify  all  I  have  claimed. 

5.  What  I  have  claimed  is  strictly  true.  The  leakage  between 
adjoining  poles  is  nil.  Professor  Forbes  fEuls  to  grasp  the 
significance  of  this. 

6.  This  objection  is  one  that  need  not  cause  much  difficulty. 
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Mr.  Mord<jy,  The  Weight  could  be  reduced  fiur  below  that  now  being  used  at 
Niagara,  as  Professor  Forbes  is  quite  aware. 

7.  On  this  point  Professor  Forjyes  has  no  information.  Our 
costs  have  never  been  published. 

On  the  last  paragraph  I  would  only  remark  that  Professor 
Forbes  misreads  Fig.  2.  It  was  not  intended  to  illustrate  self- 
induction  at  all,  but  relative  EJVLF.  of  generator  and  motor. 

I  am  very  glad  that  Professor  Forbes  has  been  able  to  send 
these  two  communications.  It  was  a  matter  of  r^et  to  me 
that  his  continued  absence  prevented  our  having  him  at  the 
Institution  when  my  paper  was  read. 

I  have  to  express  my  thanks  for  the  reception  of  the  paper. 
pJlSrident  ^®  President:  I  need  not  ask  you  to  thank  Mr.  Mordey 

again,  but  I  would  like  to  say  a  few  words  with  regard  to 
a  remark  made  by  Mr.  Baworth  in  the  discussion.  You  will 
recollect  he  said  that  at  our  works  14  years  ago  an  attempt  was 
made  to  run  machines  in  parallel  with  70  ohms  resistance 
between  the  machines.  I  have  looked  the  matter  up,  and  find 
that  we  tried  in  1884  to  work  an  alternate-current  machine  as  a 
motor  through  70  ohms  resistance,  and  we  were  perfectly  success- 
ful. It  was  with  a  view  of  transmitting  the  power  to  a  distance 
by  means  of  alternating  currents  that  we  made  the  experiments, 
and  shortly  afterwards  we  also  succeeded  in  running  the  old  form 
of  the  Siemens  alternators  in  parallel.  Of  course  the  experiments 
were  carried  further;  but  I  need  not  go  further  into  the  matter, 
as  you  will  have  seen  by  what  I  have  said  that  Mr.  Baworth's 
recollection  was  not  quite  accurate. 

I  will  now  call  upon  Professor  Ayrton  to  read  the  next  paper. 

A  UNIVERSAL  SHUNT  BOX  FOB  GALVANOMETEBS. 

By  W.  E.  Ayrton,  F.B.S.,  Past-President, 

and 

T.  Mather,  Associate. 

A^rl^'  Several  years  ago  Mr.  Latimer  Clark  drew  attention  to  the 

Mr?  Mather.  ^^^  ^^^  whcu  shuuts  wcre  uscd  with  a  ballistic  galvanometer  in 
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the  comparison  of  the  capacities  of  condensers,  the  results  were  Professor 
inaccurate  if  the  multiplying  powers  of  the  shunts  were  assumed  Jjy*^^,^^^ 
to  be  the  same  as  those  employed  with  steady  currents ;  shortly 
afterwards  the  matter  was  investigated  mathematically  by  the 
late  Mr.  Hockin,  and  he  showed  that  the  inaccuracy  was  caused 
by  the  change  which  the  application  of  the  shunt  produced  in  the 
damping  of  the  swing  of  the  ballistic  galvanometer.  Hence  the 
instantaneous  deflection  of  a  galvanometer  when  shunted  showed 
an  extra  diminution,  as  if  its  resistance  had  been  increased  by  the 
amount  which  depended  on  the  details  of  the  construction  of 
the  particular  galvanometer,  and  on  the  adjustment  of  the 
controlling  magnet. 

In  1892,  when  giving  a  preliminary  account  of  our  "  workshop 
"  ballistic  galvanometers  "  at  the  Physical  Society,  we  incidentally 
mentioned  a  method  that  we  had  devised  of  constructing  shunts 
which  entirely  overcame  this  difficulty.  At  that  time  we  had 
only  perceived  that  our  method  of  constructing  amstaTiirdomvpmg 
shunts  was  of  value  in  connection  with  ballistic  galvanometers ; 
but  subsequently  it  occurred  to  us,  when  specifying  the  resistance 
of  such  constant-damping  shunts,  that  this  method  of  construo- 
tion  not  only  removed  the  difficulty  which  had  been  pointed  out 
by  Mr.  Latimer  Clark  in  connection  with  ballistic  galvanometers, 
but  it  enabled  the  same  shunt  box  to  be  used  with  any  number  of 
different  galvanometers  of  any  resistance  and  of  any  type,  and 
with  an  accuracy  in  the  measurement  feir  greater  than  could  be 
obtained  with  the  ordinary  form  of  shunt  box  which  had  been 
specially  constructed  for  the  particular  galvanometer. 

As  this  method  of  making  shunt  boxes  has  not  yet  been 
published,  and  as  it  possesses  important  advantages  of  which  we 
were  not  aware  when  we  alluded  to  it  at  the  Physical  Society,  we 
have  thought  that  a  short  description  of  the  method  may  interest 
the  members  of  the  Institution  of  Electrical  Engineers. 

To  appreciate  its  advantages  let  us  first  consider  the  common, 
well-known  method  of  constructing  shunts,  anid  the  defects  it 

esses. 

1.  The  resistances  of  the  1-lOth,  1-lOOth,  and  l-l,000th  shunt 
must  have  exactly  l-9th,  l-99th,  and  l-999thofthe 
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profewor  resistance  of  the  galvanometer ;  therefore,  if  the  resist- 

Mr*^  Mather  *^^  ^^  ^^^  galvanometer  be  1,000  ohms,  for  example, 

the  shunts  must  have  11 M,  10*10,  and  1*001  ohms 
resistance;  hence  we  must  construct  the  1-1, 000th 
shunt  accurately  to  the  one-thousandth  of  an  ohm  if 
we  wish  it  to  be  correct  to  even  1-lOth  per  cent. 

2.  But  the  galvanometer  is  wound  with  copper  wire :  we  are 

therefore  at  once  met  with  the  difficulty  as  to  what 
wire  we  ought  to  employ  in  winding  the  shunts.  If 
we  use  G-erman  silver,  platinoid,  manganin,  or  any 
substance  of  low  temperature  coefficient  for  the  wires 
of  the  shunt  coils,  their  resistances  may  be  quite 
constant,  but  a  rise  of  10*^  C.  in  the  temperature  of 
both  the  shunts  and  of  the  galvanometer  will  make 
an  error  of  4  per  cent,  in  the  resistance  of  the  former 
relatively  to  that  of  the  latter. 

If,  on  the  other  hand,  we  wind  the  shunts  with 
copper  wire,  then,  since  the  shunts  are  not  inside  the 
galvanometer  case,  it  is  very  difficult  to  ensure,  from 
the  readings  of  thermometers,  that  there  is  not  a 
difference  of  some  two  or  three  degrees  between  the 
mean  temperatures  of  the  shunt  box  and  of  the 
galvanometer,  so  that  the  resistances  of  the  shunts 
may  easily  be  1  per  cent,  wrong  relatively  to  that  of 
the  galvanometer. 

In  fact,  except  in  the  rare  case  when  the  galvan- 
ometer as  well  as  the  shunts  are  wound  with  German 
silver,  manganin,  or  other  wire  of  low  temperature 
coefficient,  it  is  useless  spending  time  making  accurate 
adjustments  of  the  resistances  of  the  shunt  coils  as 
ordinarily  constructed. 

3.  Even  if  the  resistances  of  the  shunts  be  exactly  l-9th, 

l-99th,  and  l-999th  of  the  galvanometer,  they  act  as 
if  they  did  not  aUow  l-lOth,  1-lOOth,  and  l-l,000th 
respectively  of  the  charge  in  a  condenser  to  pass 
through  the  galvanometer  when  used  ballistically. 

4.  Lastly,  for  each  galvanometer  there  is  needed  a  separate 

set  of  shunts. 
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All  these  defects  arise  from  the  fact  that  the  method  hitherto  Professor 

Ayrton 

adopted  of  varying  the  current  through  a  galvanometer  while  the  ^^^^^^^jj^^ 
current  in  the  main  circuit  remained  the  same,  has  consisted  in 
varying  the  resistance  of  the  shunt  to  the  galvanometer.  If, 
however,  we  leave  the  shunt  to  the  galvanometer  untouched,  and, 
instead,  vary  the  current  through  the  galvanometer  by  varying 
the  point  of  attachment  of  the  main  leads,  we  remove  all  these 
difficulties  at  once. 


Fio.  1. 

A  shunt  box  constructed  in  this  latter  way  is  seen  in  Fig.  1. 
The  terminals  A  and  B  of  the  shunt  box  are  permanently 
connected  respectively  with  the  terminals  of  the  galvanometer  6y 
while  the  terminals  B  and  C  of  the  box  are  connected  with  the 
two  main  wires  which  lead  the  current  up  to,  and  away  from,  the 
galvanometer  and  shunt.  The  ends  of  a  coil  of  any  resistance 
r  ohms  are  permanently  connected  as  shown,  and  at  points  in 


this  coil  corresponding  with 


10' 


r 

Too' 


r 
1,000 


— ---    ohms    permanent 
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connections  are  made  with  the  various  blocks  of  the  shunt  box  as 
illustrated. 

Then,  whatever  be  the  resistance  of  this  coU,  r,  compared  with 
the  resistance  of  the  galvanometer  g  (either,  or  both,  of  which  may 
therefore  be  unknown),  it  is  easy  to  show  that  if  0  amperes  be 
the  current  flowing  round  the  galvanometer  when  a  plug  is 

placed  into  the  hole  marked  d,  it  will  be   yc\>  Tao^  *^^  TTioo 

amperes  respectively  when  the  plug  is  put  instead  into  the  holes 
marked  c,  6,  and  a  respectively  provided  that  the  current  in  the 
main  circuit  remains  constant — the  condition  which  is,  of  course, 
assumed  to  be  true  in  the  ordinary  use  of  shunts.  Or,  if  a  definite 
quantity  of  electricity  flow  into  or  out  of  a  condenser  in  the  main 
circuit,  and  Q  coulombs  be  the  quantity  of  electricity  that  flows 
round  the  galvanometer  when  the  plug  is  in  the  hole  marked  c2, 

:^,  Y~r,  and    ^     coulombs  will  be  quantities  that  flow  round  the 

galvanometer  when  the  plug  is  put  into  the  holes  c,  6,  and  a 
respectively,  and  the  deflections  will  correspond  with  these  quan- 
tities. 

For  let  the  constant  current  in  the  main  circuit  be  called  A : 
then,  when  plug  is  in  hole  (£,  the  galvanometer  current  equals 

— ; —  il,  say  & ; 

when  plug  is  in  hole  c,  the  galvanometer  current  equals 

r 
To  .         0 


9        .     ^     '       10 


^"^■(lo^  +  fl^) 

when  plug  is  in  hole  6,  the  galvanometer  current  equals 


r 


100  .  0 


99        .     \     '       100 ' 


100"*-  KWq''^^) 


when  plug  is  in  hole  a,  the  galvanometer  current  equals 

r 


1,000 .  0 

999        .      N  ^»  o'  i^ooo* 


1,000 
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Similarly,  if  JT  be  the  number  of  coulombs  flowing  into,  or  out  J^^*^ 
of,  a  condenser  in  the  main  circuit,  and  pKj  or  Q,  be  the  number  J£f  father. 
of  coulombs  that  flow  round  the  galvanometer  when  the  plug  is 
put  into  the  hole  marked  d,  it  may  be  proved  that,  ai/nce  the 
resistance  of  the  gcUva/ruymeter  plus  thai  of  the  shwnt  is  constant^ 
cmd  therefore  the  dampimg  is  covstdntj  the  quantities  of  elec- 
tricity that  will  flow  round  the  galvanometer  when  the  plug 
is  put  instead  into  the  holes  marked  c,  b,  a,  respectively,  are 


Q    Q      Q 


coulombs. 


10'  100'  1,000 

Hence  the  galvanometer  may  be  wound  with  copper  or  with 
any  other  wire;  a  single  set  of  shunts  may  be  made  of 
manganin  wire,  and  be  accurately  subdivided  into  eooact  num- 
bers of  ohms,  fractions  of  cm  ohm  being  vrnmecessary  with 
owr  system;  the  galvanometer  may  have  any  resistance  and 
be  at  any  temperature,  provided  it  is  constant  while  a  set 
of  tests  is  being  made,  —  then  the  subdivision  of  a  steady 
current  or  the  subdivision  of  an  instantaneous  rush  of  electricity 

into  parts  having  the   ratios    of  1,  t^,  t^,  YooO^  ^   effected 

with  great  aocwracy. 

Stock  shunt  boxes,  ready  wound  for  use  with  any  galvanometer, 
in  the  measurement  of  steady  currents  or  of  instantaneous  rushes 
of  electricity,  are  exhibited  on  the  table. 

The  arrangement  of  shunt  box  illustrated  in  Fig.  1  may  be 
regarded  as  possessing  one  defect — ^viz.,  that  the  whole  current 
flowing  in  the  mains  cannot  be  sent  round  the  galvanometer 
without  disconnecting  the  main  wire  from  the  terminal  (7,  and 
connecting  it  instead  with  the  terminal  A.  To  save  the  trouble 
of  having  to  do  this,  and  to  enable  every  combination  to  be  made 
by  simply  shifting  the  plugs,  we  sometimes  construct  the  blocks 
of  the  shunt  box  as  seen  in  Fig.  2.  When  one  plug  is  placed  and 
left  in  the  hole  marked  A,  and  a  second  plug  is  placed  in  one  or 
other  of  the  holes  marked  c2,  c,  6,  or  a,  we  obtain  exactly  the 
results  already  described  in  connection  with  the  box  seen  in 
Fig.  1.  Placing,  however,  one  plug  only  in  the  hole  marked/, 
the  entire  current  flowing  in  the  mains  circulates  round  the 
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Profertor     galvanometer.    If  a  plug  be  placed  in  the  hole /,  and  another  in 
M°r**  Mather  *^®  tole  j',  the  galvanometer  is  short-circuited — a  result  obtained 


Fio.  2. 

by  placing  the  two  plugs  in  the  holes  marked  d  and  e  in  Fig.  1. 
The  arrangement  shown  in  Fig.  2  has  the  further  advantage  that 
it  is  possible,  by  putting  a  single  plug  into  the  hole  marked  jj  to 
disconnect  one  terminal  of  the  galvanometer  from  the  circuit 
without  breaking  the  circuit.  This  method  of  connecting  is  con- 
venient to  employ  when  taking  the  zero  with  a  very  sensitive 
galvanometer,  for  in  that  case  it  may  happen  that,  although  the 
galvanometer  is  apparently  short-circuited  through  a  very  low 
resistance,  enough  of  the  main  current,  although  but  an 
extremely  small  fraction,  passes  round  the  galvanometer  to 
produce  a  small  deflection. 

When,  however,  r  is  more  than  about  ten  times  as  great  as  g, 
the  simpler  form  of  shunt  box  illustrated  in  Fig.  1  is  sufficient 
for  ordinary  purposes ;  for,  although  by  merely  shifting  the  plug 
with  this  type  of  box  it  is  impossible  to  send  a  greater  current 


round  the  galvanometer  than 


r-\-g 


A  amperes,  where  A  is  the 
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current  in  the  mains,  this  value  of  G,  being  more  than  —  A,  is  Ayrton 

sufficiently  near  A  for  ordinary  purposes.  '*   *  ^'' 

Of  course,  whatever  be  the  value  of  r,  whether  large  or  small 
compared  with  that  of  gr,  the  current  that  flows  roimd  the 
galvanometer  when  the  plug  is  put  into  the  poles  marked  c,  6, 
and  a  respectively,  is  exactly  1-lOth,  1-lOOth,  and  l-l,000th  of 
its  value  when  put  into  the  hole  marked  d.     The  only  advantage 

that  is  gained  by  making  r  large  compared  with  g  is  that Ay 

or  Gj  the  unit  current,  becomes  then  practically  equal  to  A. 

The  method  of  using  shunts  above  described  has,  then,  the 
advantage  that  it  enables  the  same  shunt  box  to  be  used  with 
any  galvanometer  of  any  resistance,  whether  ballistic  or  not ;  but 
it  does  more  than  that,  for  a  consideration  of  our  method  of 
varying  the  point  of  attachment  of  one  of  the  mains,  instead  of 
varying  the  resistance  of  the  shunt  itself,  shows  that  any 
ordinary  resistance  box  can  be  employed  as  a  shunt  with  any 
galvanometer,  and  the  fractions  of  the  current  that  pass  round  the 
galvanometer  and  through  the  shunt  respectively  can  be  read  off 
at  once,  wiihout  any  calculation  and  without  a  knowledge  of  the 
resistamoe  of  the  galvanxymeter^  to  a  fiskr  higher  degree  of  accuracy 
than  is  possible  with  a  set  of  shunts  specially  constructed  for  the 
particular  galvanometer  in  the  ordinary  way. 

By  employing  this  device  we  also  find  that  great  simplifica- 
tion and  cheapening  of  cost  is  effected  in  the  employment  of  a 
d'Arsonval  galvanometer  with  shunts  of  platinoid  or  manganin 
sheet  for  the  measurement  of  electric  currents  over  a  wide  range. 

It  is  well  known  that  with  the  ordinary  method  of  con- 
structing shunts  the  resistance  of  the  circuit  is  altered  when 

the  shunt  is  varied.    An  interesting  

question     therefore     arises    whether  /^  4  ^ 

ff\e 


vi^ 


this    change    in    the    resistance    of 

the     circuit    is     greater     with     the 

method    that  we    have   proposed    of  >\aaaaaaaI 

constructing    a    shunt,  or   with    the      M  J^      ^       ^ViV 

ordinary  method.  ^  ^ 

Fio.  3. 
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A^rtoT'  With    the   ordinary  method  of   keeping    the    main    leads, 

Mn  Mather,  ^i*  ^^  f^^S'  ^)>  p^nnanently  connected  with  the  galvanometer  Oy 

and  of  varying  the  current  through  the  galvanometer  by  altering 

the  resistance,  8^  of  the  shunt,  the  change  that  is  produced  in 

the  resistance  of  the  circuit  on  applying  this  shunt  is,  as  well 

known,  firom  g  to    ^  ^   ;  that  is,  the  resistance  is  diminished  by 

8  -^  g 

—21 — .     If,  then,  the  shunt  be  such  as  to  allow  — th  of  the  cur- 
s  -{-  g  n 

rent  to  pass  through  the  galvanometer,  8  equals  — 2_,  and    the 


resistance  in  circuit  is  diminished  by 


n 


g   when  this    shunt 


is  applied.     For  example,  if  w  be  10,  the  resistance  of  the  circuit 
will  be  diminished  by  9-lOths  of  flr. 


Fio.  4. 


With  our  proposed  method  of  keeping  2^  fixed  resistance,  r, 
attached  to  the  galvanometer  0  (Fig.  4),  and  of  varying  the 
current  through  the  galvanometer  by  varying  the  connection 
of  one  of  the  main  wires — ^for  example,  by  moving  the  main 
wire  iff  from  the  point  d  to  the  point  e — ^the  resistance  of  the 

TO         l(VL^ll^.a\ 
circuit  is  altered /rom  ^^ton^     n  ^J;  that  is,  the 

r  +  g 

resistance  in  the  circuit  is  diminished  by 

««  ^t 


1      f  n  -  1 
+  gX     n 


rg 


(1) 


r  -^  g  K     n        "  n'        ^ 

Now  this  expression  depends  not  merely  on  the  values  of  n 
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and  g^  but  also  on  the  value  of  r.     If  r  is  selected  so  as  to  professor 

,  ,,  ,  Avrton 

be  less  tban  n  g,  the  expression  (1)  is  positive — ^that  is,  the  '^^^^^ 
resistance  of  the  circuit  is  lessened  by  shifting  the  main  M^  from 
the  point  d  to  the  point,  c ;  whereas,  if  r  is  selected  so  as  to  be 
greater  than  n  g,  the  expression  (1)  is  negative,  which  means  that 
shifting  the  main  M^  increases  the  resistance  of  the  circuit. 
Lastly,  if  r  be  chosen  so  as  to  be  exactly  equal  to  n  g^  shifting 
the  main  produces  no  cJiaTige  whatever  in  the  resistance  of  the 
circuit;  so  that  the  current  now  passing  through  the  galvan- 
ometer after  shifting  Jtf,  is  exactly  -th  of  the  current  that  pre^ 

viousiy  passed  through  the  galvanometer,  for  the  current  in  the 
main  circuit  undergoes  no  change  whether  the  resistance  of 
the  circuit  be  large  or  small. 

By  selecting  r,  then,  so  that  it  is  roughly  equal  to  n  gr,  our 
proposed  arrangement  gives  the  following  result  on  shifting  the 
main  M^  from  d  to  c : — 

(a.)  If  the  resistance  of  the  rest  of  the  circuit  be  large 
compared  with  that  of  the  galvanometer,  the  current  that  now 

passes   through  the  galvanometer  is  exactly  -th  of  that  which 

previously  passed,  whatever  be  the  temperature. 

(b.)  If  the  resistance  of  the  rest  of  the  circuit  be  even  small 
compared  with  that  of  the  galvanometer,  the  current  that  tww 

passes  through  the  galvanometer  is  very  nearly  -th  of  that  which 

previously  passed,  whatever  be  the  temperature. 

CJontrasted  with  this,  we  have,  with  the  ordinary  method  of 
applying  a  shunt,  the  result : — 

(a.)  Even  if  the  resistance  of  the  rest  of  the  circuit  be  large 
compared  with  that  of  the  galvanometer,  it  is  only  when  the 
temperature  has  one  definite  value  that  the  current  that  now 

passes  through   the  galvanometer  is  exactly  -th  of  the  current 

that  previously  passed. 

(6.)  If  the  resistance  of  the  rest  of  the  circuit  be  small 
compared  with  that  of  the  galvanometer,  the  current  that  Tunv 
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Ayrton  ^     passed  through  the  galvanometer  is  far  greater  than  -th  of  the 

and  "/l 

Mr.  Mather,  ^^jj^^j^^  ^]^lj  pvevioudy  passed. 

Lastly,  whatever  be  the  values  of  y,  r,  and  ti,  provided  that  r 
be  less  than  g  (n  -i-  v^  ti*  +  n),  our  method  of  altering  the 
current  through  the  galvanometer  produces  less  change  in  the 
resistance  of  the  circuit  from  its  original  value  than  the  ordinary 
method.  For,  as  already  seen,  with  the  ordinary  method  of  applying 

71—1 

a  shunt  the  resistance  of  the  circuit  is  diminished  by g;  while 

n 

on  moving  the  main  M^  from   d  to  c  with  our  method  the 

resistance  of  the  circuit  is  diminished  by 

^^9 ::;r-  ^); 


1      fn  -  1  n  -  1 

r  +  gr  \     n 


therefore  the  change  in  the  resistance  of  the  circuit  when  using 
our  shunt  box  is  to  the  change  with  the  ordinary  shimt  box  as 

rg zi-^)  ^8  to  —-—g. 


r  +  g  \     n        ^  tt         /  n 

Consequently  the  ratio  of  the  alterations  produced  in  the  resist- 
ance of  the  circuit  by  the  use  of  the  two  shunt  boxes  respec- 
tively equals 

1      /jr^  _\ 
r  +  g\ng        /' 
which  will  be  numerically  less  than  unity  when 

r  does  not  exceed  g  {n  -^  ^  n^  -^  n)  ...  (2) 
From  the  result  (2)  it  follows  that,  if  r  be  not  more  than 
20*488  times  the  resistance  of  the  galvanometer,  the  change  in 
the  resistance  of  the  circuit,  from  its  original  value,  produced 
by  using  the  1-lOth,  1-lOOth,  and  l-l,000th  shunt,  will  be  leas 
with  a  universal  shunt  box  than  with  the  ordinary  shunt  box. 
So  that,  if  the  resistance  of  no  one  of  a  set  of  galvanometers  be 
less  than  1,000  ohms,  the  universal  shunt  box  may  have  a  total 
resistance  of  20,488  ohms,  and  still  this  additional  advantage  will 
be  gained  when  using  each  of  the  galvanometers.  Or,  if  the 
resistance  of  the  universal  shunt  box  be  10,000  ohms,  this 
additional  advantage  wiU  be  gained  with  any  galvanometer  of 
high  or  low  resistance,  provided  that  the  galvanometer  resistance 
be  not  less  than  488  ohms. 


1894.]  DISCUSSION  325 

Mr.  F.  HiGKxiNS  [commimicated] :    I  have  to-day  received  a  Mr.  Higgins 
proof  of  the  paper  by  Messrs.  Ayrton  and  Mather  on  "  A  Universal 
*^  Shunt  for  Galvanometers."     Subjoined  is  a  drawing  of  a  con- 
venient form  of  apparatus  which  I  have  used  in  exactly  the  same 


manner  and  for  the  same  purpose  for  more  than  20  years  past. 
The  two  hands  connected  to  the  terminals  marked  H  are  insulated 
from  one  another,  and  can  be  connected  by  l-lOOths  to  any  part 
of  the  wire,  of  1,000  ohms  resistance,  terminating  at  CC.  By 
this  means,  and  the  variation  of  the  resistance  in  the  battery 
circuit,  measurements  may  be  taken  with  any  desired  potential, 
or,  conversely,  any  potential  may  be  balanced,  and  thus  measured 
against  a  standard. 

Mr.  Crompton;  It  appears  to  me  that,  after  all,  a  further  Mr. 
extension  of  the  method  of  shunting  proposed  by  Professor 
Ajrrton  is  the  potentiometer  method  which  I  have  so  often 
advocated;  for  the  graduate  wire  of  a  potentiometer  is  prac- 
tically a  shunt  to  the  galvanometer,  and  the  sliding  contact  is 
a  convenient  method  of  changing  the  value  of  this  shunt.  Of 
course  I  mean  that  this  slide  wire  should  be  used  potentiometer 
fashion ;  that  is  to  say,  that  instead  of  being  a  shunt  of  high 
resistance,  it  takes  the  form  of  a  wire  of  low  resistance,  carrying 
a  constant  E.M.F.  opposed  to  the  E.M.F.  that  is  being  used  for 
testing. 

Professor  Ayrton  :    I  will  answer  the  questions  in   inverse  profeswr 
order.     With  reference  to  the  graduated  wire  suggested  by  Mr.  ^^'^"' 


326      UNIVERSAL  SHUNT  BOX  FOR  GALVANOMETERS.  [March  29th, 

Am^  Crompton,  of  course  that  would  not  do  at  all  when  you  are 
dealing  with  a  high-resistance  galvanometer,  for  it  is  desirable 
that  the  greater  part  of  the  current  coming  along  the  mains 
should  flow  through  the  galvanometer,  and  that  would  not  be  the 
case  unless  the  graduated  wire  had  a  resistance  large  compart 
with  that  of  the  galvanometer  itself.  In  one  sense,  of  course, 
every  resistance  box  is  a  graduated  wire,  and  therefore  in  one 
sense  you  may  say  that  whenever  you  use  a  resistance  box  you 
use  a  graduated  wire ;  but  it  is  not  a  graduated  wire  in  the 
ordinary  sense  of  the  word. 

It  is  a  great  pity,  if  Mr.  Higgins  has  for  20  years  been  aware 
of  the  fundamental  principle  underlying  our  Universal  Shunt 
Box,  that  he  has  not  given  the  world  the  benefit  of  his  knowledge. 
Why,  on  the  occasion  when  Mr.  Latimer  Clark  made  his  com- 
munication to  this  Society,  and  Mr.  Hockin  published  his 
mathematical  investigation  in  connection  with  the  matter,  did 
not  Mr.  Higgins  say,  "  Here  is  a  method  which  gets  over  all  your 
**  difficulty,  Mr.  Latimer  Clark,  and  renders  the  mathematics  of 
"  Mr.  Hockin  unnecessary  **  ?  By  doing  this  he  would  have  con- 
ferred a  great  benefit  on  electricians,  because  certainly  they  did 
not  see,  until  we  suggested  the  method  at  the  Physical  Society, 
how  you  could  construct  a  system  of  shunts  so  that  for  ballistic 
purposes  the  multiplying  powers  would  always  have  the  same 
values,  viz.,  those  they  possessed  for  direct-current  measurements. 
And  certainly  they  have  not  seen — I  think  it  is  the  best  answer — 
that  it  was  possible  to  make  stock  shunt  boxes  suitable  for  any 
galvanometer,  whether  used  ballistically  or  not ;  if  they  have, 
then  why  did  they  not  construct  them  for  sale  ?  Of  course,  now 
that  we  know  how  to  solve  the  problem,  the  solution  appears  so 
absurdly  simple  that  you  feel  certain  everybody  must  have  known 
it;  still,  not  only  have  we  never  seen  stock  shunt  boxes  con- 
structed before,  but  we  have  never  seen  even  the  principle  of  our 
method  suggested  in  any  book  or  technical  publication. 

The  following  paper  was  then  read : — 
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THE  BEST  RESISTANCE  FOR  THE  RECEIVING 
INSTRUMENT   ON    A    LEAKY   TELEGRAPH   LINE. 

By  Professor  W.  E.  Ayrton,  F.R.S.,  Past-President, 

and 

C.  S.  Whitehead,  M.A. 

1.  If  there  be  a  single  earth   fault  at  any  one  point  of  an  Profesfcoi 
otherwise  good  telegraph  line,  P  Q  (Fig.  1),  it  i§  easy  to  prove  yJ^iS'^^ 
jc  y 


EarCh 


y 


n 


Fio.  1. 


that  the  best  resistance  to  give  to  the  receiving  instrument  at 
either  end  of  the  line  is  equal  to  the  apparent  resistance  of  the 
line  tested  from  thai  end  when  put  to  earth  at  the  other  end 
through  a  resistance  equal  to  that  of  the  signalling  battery  at 
that  end.  For  example,  if  we  desire  to  know  what  should  be  the 
value  of  g,  the  resistance  of  the  receiving  instrument  at  the 
0  end,  the  line  must  be  tested  from  the  Q  end  (Fig  2)  when  put 


y 


Fig.  2. 


to  earth  at  the  P  end  through  a  resistance,  6,  equal  to  that  ot  the 
signalling  battery  usually  employed  at  that  end. 

For  if  J?  be  the  E.M.F.  of  the  signalling  battery  at  the  P  end. 
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/  the  resistance  of  the  single  earth  feult,  and  x  and  y  the 
resistances  of  the  two  portions  of  the  line,  the  current,  A^  that 
flows  through  the  receiving  instrument  at  Q  (Fig.  1)  equals 
/  E 

And  the  magnetic  effect  produced  by  an  electro-magnet  of 
given  size,  shape,  and  construction  is  proportional  to  the  product 
of  the  current  into  the  square  root  of  the  resistance  of  the  wire 
with  which  the  coil  is  wound.  Therefore  it  follows  that  the 
magnetic  effect  of  the  receiving  instrument  at  Q  is  proportional 
to  A  y/?,  that  is,  to 

fE^/T 

and  this  has  a  maximum  when 

f{x  +  b) 

that  is,  when  q  is  equal  to  the  apparent  resistance  of  the  line 
tested  from  the  Q  end  and  put  to  earth  at  the  P  end  through  a 
resistance  6. 

2.  During  the  course  of  some  lectures  at  the  Guilds  Central 
Technical  College  last  year  on  &ult8  on  telegraph  lines,  the 
quefttion  arose  whether  the  above  result  was  universally  true  for 
a  distributed  leak  all. along  the  line,  or  only  for  a  single  earth 
fault ;  and,  if  this  solution  were  not  generally  true,  then  what  was 
the  best  resistance  to  give  to  the  receiving  instrument  at  the  end 
of  a  telegraph  line  the  leakage  along  which  followed  any  law. 
The  following  is  the  complete  solution  of  this  question : — 

Let  X  be  the  resistance  of  the  line  up  to  any  point  measured 
from  the  sending  or  signalling  end,  P,  and  let  F  (x)  be  the 
insulation  resistance  of  a  length  of  wire  at  that  point  having  one 
ohm  ccmductor  resistance.  When  a  signal  is  sent,  let  V  be  the 
P.D.  set  up  between  the  line  and  the  earth  at  the  sending  end 
(Fig.  3),  and  v  the  potential  of  the  line  at  any  point  x:  then  v  is 
given  by  the  equation, 

'd^'"F~(xj     (^) 

If  F  (x)  be  some  simple  known  ftmction  of  «,  it  may  be 
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possible  to  integrate  this  equation,  and  in  that  case  we  may  Jj^*^ 
proceed  by  performing  the  integration.     For  example,  if  F  {x)  be  Whitehead. 


fy 


DtsCrt 


butetl     Li^.aJf' 


Earth,, 

Fig.  3. 

a  constant,  i — that  is,  if  the  line  be  uniformly  leaky — then, 
integrating,  and  introducing  the  terminal  conditions,  it  may  be 
shown  that 


V  =  F 


Wt  -  g)  e    ^'    -  Wt  +  g)  €  ^^ 


w 


w 


(2) 


where  w  is  the  true  wire  resistance  of  the  whole  line,  and  q  is 
the  resistance  of  the  receiving  instrument  at  the  (bx  end,  Q. 
Hence  the  current  passing  through  this  receiving  instrument, 

which  is 7^  when  x  equals  w,  has  the  value, 

dx 

2  r 


V' 


v" 


(v/<  +  ?)€^  -(v/<-?)e 
and  the  magnetic  effect,  M,  is  proportional  to  this  expression 
multiplied  into  y/g.  From  this  it  may  be  shown  that  if  is  a 
maximum  when 


q  =  Vt 


v«_ 


vt 


w 


(3) 


Now,  if  one  end  of  the  line  be  put  direct  to  earth,  we  must 
make  q  equal  to  nought  in  equation  (2).    Under  these  circum- 
stances the  current  —  — -  at  any  point  x  equals 
cL  X 
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6    ^/*     +  €   ^^' 


w 

'7t 


(4) 


s/t        ii 

and    therefore  the  current  entering  the  other  end  of  the  line, 
where  the  potential  is  Fi,  say,  has  the  value, 


y/t 


+  € 


s/t 


(5) 


e^/^-6 


s/t 


If  Fi  then  be  the  potential  at  the  point  Q  when  the  line  is 
tested  from  the  Q  end  and  put  direct  to  earth  at  the  P  end 


W 


Disi  ribui  €d 


Lech 


^y?^m^ 


Earth, 

Fig.  4. 

(Fig.  4),  the  apparent  resistance  of  the  line  will  be  Fi  divided 
by  the  expression  (5),  and  therefore  equals 


^       ~^ 1^* 

but  this  is  exactly  the  same  as  the  value  found  in  (3)  for  g,  which 
made  M  a  maximum.  Hence  the  receiving  instrument  ought  to 
have  a  resistance  equal  to  the  apparent  resistance  of  the  line 
when  tested  at  the  receiving  end  and  put  direct  to  earth  at  the 
sending  end. 

The  resistance  of  the  signalling  battery  does  not  in  this  case 
appear  in  the  best  value  to  give  to  9,  but  that  arises  from  the  fisict 
that,  whereas  when  we  were  dealing  with  a  single  earth  fault  we 
assumed  that  the  signalling  battery  had  a  fixed  E.M.F.  and  a  fixed 
resistance,  &,  here  we  have  assumed  that  F,  the  potential  of  the 
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sending  end  of  the  line,  was  kept  constant.     Now  this  is  the  J~J^^<>' 
same  thing  as  supposing  that  the   signalling  battery  of  fixed  *n^^M^^^^ 
E.M.F.  has  an  extremely  low  internal  resistance.    The  two  results 
are  therefore  the  same. 

3.  Returning  now  to  the  general  differential  equation, 


V 


J^^  F{x)     ^^^ 

we  see  that,  if  the  distributed  leak  may  follow  any  law,  F{x)  may 
be  any  function  of  x.  The  equation  therefore  cannot  be  in- 
tegrated, and  we  must  deal  with  the  problem  of  determining 
the  best  resistance  to  give  to  the  receiving  instrument  at  the 
end  of  the  leaky  telegraph  line  without  actually  integrating 
equation  (1),  and  without  expressing  in  an  explicit  form  the 
value  of  the  current  that  passes  through  the  receiving  instru- 
ment. 

To  ascertain  the  general  form  of  the  solution  of  the  above 
differential  equation,  whatever  function  F  (x)  may  be,  let  one 
solution  be, 

V  =  <l>(x): 

W-W) -  « 

Eliminating  F  (x)  from  equations  (1)  and  (6),  we  have 


A 
'd  X 


r      d  d>(x)         ,y^dv')        ^ 


and  V  — V       —  <l>  (x)  ~j—  =  some  constant,  say  —  6 ; 


•    dxl(f>{x)\'^  {<t>{x)y' 


V  .    1    f    dx 


0^  XT~v  =  a  +  6 


■A 


.-.  V  =  a<l>(x)  -^  bylt{x)  ...  (7) 
is  the  general  form  of  the  solution  of  the  original  differential 
equation,  the  values  of  the  constants  a  and  6  depending  on  the 
terminal  conditions.  In  fact,  as  the  differential  equation  No.  6 
is  linear,  it  is  almost  obvious,  without  any  proof,  that  the  general 
solution  of  this  equation  must  be  of  the  form  given  in  (7). 
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In  our  particular  case  (Fig.  3)  the  terminal  conditions  are, 
when  05  =  0,  v  =  F, 

and  when  x  ^  w,  v  =  F' ; 

also,  when  x  equals  w  the  current,  A^  flowing  through  the  receiving 

instrument  at  the  Q  end  of  the  line,  or  —  j— ,  equals  — . 

ax  q 

•  •.  F  =  a<^(0)  +  6^(0) (8) 

and  V  =  a(f>(w)  -i-  byjr  {w)y  ...         (9) 

.•.^=  '-a<f>'(w)^bit'(w),     ...       (10) 

if  we  write  <^'  (w)  and  ^'  (w)  for  ^Lp^  and  ^L±M  in  the  usual 

Cv  X  df  X 

way. 

Hence,  eliminating  F'  from  equations  (9)  and  (10), 

a  {(f)  {w)  -t  q<l>'  (w)}  -^  b  {-^tiw)  -h  q  sft'  (w)}  =  0       (11) 

Eliminating  (6)  from  equations  (8)  and  (11), 

a{il>(0)ylt(w)  +  qtf>(0)ylr'(w)-it{0)<l>(w)^qylt(0)<l>'(w)} 

^r{ir(w)^qir'(w)}      (12) 

also  eliminating  a  from  the  same  two  equations, 

6  {ir(0)<t>(w)-hqit{0)<t>'{w)^it>(0)^lr(w)^q<l>{0)^lr'(w)} 

=  ^{<^(^)  +  3f  (^)}       (13) 

therefore,  substituting  in  equation  (7)  the  values  of  a  and  6  given 
by  equations  (12)  and  (13),  we  have 

y      {^|t  (w)  H-  q  ylr'jw)}  4>  {x)  -  {<»  {w)  -f  q  <t>' i^))^  (^) 
</>  (0)^|r(w)  +  q(f> (0)-^' (i^;) - -^fr (0) <^  ('u;)  - g -^fr (0;  <t>' (w)' 
Now  A,  the  current  flowing  through  the  receiving  instrument  at 

the  Q  end  of  the  line,  is  —  -^ —  ,  where  a?  is  made  equal  to  tc;; 

therefore 

0(O)V^(^)  +  ?0(O)^'(t^)-'^(O)0(ti;)-gV^(O)<^' (•"')' 
and  the  magnetic  effect  is  proportional  to  A  ^  q^  and  will, 
therefore,  be  a  maximum  when 

_  <^(0)Vr(t(;)-^(0)<^(t(;) 

</>  (0)  ^\w)  --^(0) 4>' (w)        •••       ^  ^ 

Next,  let  the  line  be  put  direct  to  earth  at  the  P  end,  and  the 
apparent  resistance  of  the  line,  with  its  Tion-uniformly  distributed 
leak,  tested  from  the  Q  end  (Fig.  4) :  then,  if  a;  be  still  reckoned 
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from  the  P  end  of  the  line,  the  terminal  conditions  for  determining  Profe^r 
the  constants  in  the  general  solution,  whit«h4ad. 

v=^a(f>(x)-^b^lr{x)        (7) 

are,  when  a;  =  o,         v  =  0, 

x=^w,        V  =  Fj ; 

'(l>(p)ir{w)^ir{0)if>(w)' 
and  since  the  apparent  resistance  of  the  line  tested  from  the  Q 

end  equals  V^  divided  by  -5-^,  when  x  is  made  equal  to  Wy  this 

Cu  X 

apparent  resistance  will  be, 

<f>(0)ylr(w)--ir(0)<f>(w)  . 

4>(0)  ^|r'  (w)  --  -^(0)  <l>'  (W)  ' 
but  this  is  exactly  the  same  as  the  value  of  q  given  in  equation  (14), 
that  made  the  magnetic  effect  a  maximum.  Hence  we  may  con- 
clude that,  whatever  be  the  nature  of  a  leak  on  a  telegraph  line — 
whether  the  leak  be  a  single  one,  or  be  distributed  along  the  line 
according  to  any  law  of  distribution — the  same  rule  holds  true  for 
the  best  resistance  to  give  the  receiving  instrument,  viz.,  the 
receiving  instrument  at  either  emd  should  have  a  resistance  eqyul 
to  the  ayparcffit  resistan^ie  of  the  line  when  tested  from  that  end 
and  put  direct  to  earth  at  the  other  end. 

In  what  precedes  it  is  assumed  that  the  resistance  of  a  coil  of 
wire  occupying  a  given  form  and  volume  is  proportional  to  the 
square  of  the  number  of  convolutions.  This  is  absolutely  true 
either  when  the  thickness  of  the  insulating  covering  is  negligible 
compared  with  the  thickness  of  the  copper,  or  when  the  ratio  of 
thickness  of  the  insulating  coating  to  the  diameter  of  the  copper 
is  constant  for  each  gauge  of  wire  employed.  In  a  paper  on 
galvanometers*  published  in  the  Proceedings  of  the  Physical 
Society,  examples  are  given  of  similar  coils  of  silk-covered  wire  of 
very  different  resistances  where  this  proportionality  of  resistance 
to  the  square  of  the  number  of  windings  holds  very  well.  In 
some  other  cases,  however,  as  will  be  seen  by  referring  to  that 
paper,  the  resistance  is  more  nearly  proportional  to  the  number 
of  windings  raised  to  the  power  five  halves. 

*  "  Galvanometers/'  by  Professor  Ajrrton,T.  Mather,  and  W.  E.  Sampner,  D.8c, 
Phil,  Mag.,  July,  1890,  page  86. 
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l*rofei*8or 
A>  rton 


It  is  therefore  worth  while  considering  how  the  rule  given 
\vhityh4ad.  above  for  the  test  resistance  for  the  receiving  instrument  would 
be  varied  if  the  coil  of  the  receiving  instrument  were  wound  with 
such  insulated  covered  wire  that  My  the  magnetic  effect,  instead 
of  being  proportional  to  A  ^/q^  were  proportional  to  A  g".  In 
that  case  it  may  be  shown  that  M  will  be  a  maximum  when 
n       <f>  (0)  -^(w)  —  -^  (0)  <f>  (w)  ^ 


9  = 


1-n    4>(P)'^\w)-ylr(p)^\tv)' 


and  this  is  :; times  the  apparent  resistance  of  the  line  when 

tested  from  the  receiving  end  and  put  direct  to  earth  at  the 
signalling  end. 

The  President  :  At  this  late  hour  it  will  not  be  possible  to 
discuss  the  paper  just  read,  but  we  will  do  so  at  the  next  meeting. 

I  have  to  announce  that  the  scrutineers  report  the  follow- 
ing candidates  to  have  been  duly  elected : — 

Memhtff : 
Charles  Faraday  Proctor. 

Associates : 


Francis  Edward  Benest. 
Clement  Frederick  Davis. 


John  William  Jones. 
W.  F.  Wardroper. 


Students: 

Walter  Buchanan  Browning. 
William  Duddell. 
Herbert  William  Jones. 


Frederick  Augustus  Leigh. 
James  Mathieson  Macfie. 
Francis  Henry  Merritt. 


Francis  Richard  Wade. 
The  meeting  then  adjourned. 
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P.  USVA&D— OX  CATHODE  RAYS  IN    GASES  AT  ATMOSPHERIC 
PRESSURE  AND  IN  HIGH  VACUA. 

C  Wiedemann's  Annalen,  Vol.  61,  No,  2,/).  225.) 

When  a  Geissler  tube  is  sufficiently  exhausted,  almost  all  phenomeDa 
connected  with  the  anode  disappear,  and  the  rajs  which  cause  phosphorescence, 
and  which  start  from  the  cathode,  reach  their  highest  development ;  these  were 
discovered  bj  Hittorf,  and  studied  by  Crookes  as  radiant  matter.  .These  rays, 
although  produced  by  electric  discharge,  are  completely  independent  in  their 
propagation;  and  although  resembling  light  rays  in  the  geometrical  relations  of 
their  propagation,  yet  they  differ  from  light  in  many  important  characteristics— 
for  instance,  in  their  power  to  penetrate  solid  bodies,  while  finding  the  glass  walls 
of  the  tube  opaque.  The  author  inquires  what  would  happen  if  the  tube  were 
made  transparent  to  the  rays.  Hertz  discovered  that  ordinary  metal  foil  was 
quite  transparent  to  the  cathode  rays,  even  in  triple  and  quadruple  layers,  and 
the  author  found  even  15-fold  aluminium  foil  still  transparent.  He  therefore 
constructed  a  Geissler  tube  so  arranged  that  the  cathode  rays,  proceeding  in  straight 
lines  along  the  length,  fell  at  the  other  end  on  a  small  window  of  aluminium  foil, 
about  eight  times  the  usual  thickness,  quite  free  from  holes,  and  capable  over  its 
small  area  (1-7  mm.  diameter)  of  withstanding  full  atmospheric  pressure.  In 
front  of  this  window,  in  the  path  of  the  rays,  stands  a  diaphragm  having  a  hole 
3  mm.  in  diameter,  thus  preventing  the  window  from  corrosion  by  acting  as  anode. 
The  whole  apparatus  was  enclosed  in  an  earthed  tin  case,  leaving  only  the  window 
free ;  and  the  tube  was  connected  to  a  Geissler  pump.  Suitable  arrangements 
were  made  for  controlling  the  induction  coil,  and  maintaining  the  vacuum  at  the 
most  favourable  amount  for  the  production  of  cathode  rays. 

Cathode  Rays  in  Air. — When  the  cathode  rays  are  started,  they  come  through 
the  window  into  the  open  air,  which  is  faintly  illuminated  by  a  bluish  glow 
brightest  at  the  window,  aud  extending  aboat  5  cm.  in  every  direction ;  the 
window  itself  is  dark  when  new,  but  becomes  faintly  phosphorescent  after  use, 
owing,  probably,  to  the  formation  of  oxide  on  the  outside.  All  bodies  capable  of 
phosphorescence  glow  on  the  side  turned  to  the  window  if  held  near  it,  with 
the  light  peculiar  to  them ;  in  the  the  powerful  light  of  the  alkaline  earths, 
of  calcspar  and  of  uranium  glass,  the  air  and  window  glow  completely  dis- 
appear. The  intensity  of  the  phenomenon  decreases  with  increasing  distance  from 
the  window,  and  disappears  at  6  to  8  cm.  away.  The  intensity  is  determined 
only  by  distance,  and  not  by  direction,  as  was  to  be  expected,  for  Hertz  observed 
that  cathode  rays  are  diffused  in  passing  through  aluminium.  A  phosphorescent 
screen,  made  of  tissue  paper  soaked  in  pentadecyl-para-tolyl-ketone,  and  held  edge 
on  to  the  window,  glows  brightest  at  the  window,  and  decreases  in  phosphorescence 
uniformly,  points  of  equally  intense  illumination  lying  on  circles  having  the 
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window  as  centre.  In  these  cases  the  colour  and  relative  intensity  of  the  glow  is 
the  same  as  in  an  ordinary  vacnnm  tnhe.  A  tube  of  glass  or  tinfoil,  placed 
coaxiallj  with  the  rays  between  the  window  and  the  phosphorescent  body,  rather 
diminished  than  increased  the  glow.  If  the  cathode  rays  were  deflected  from  the 
window  by  means  of  a  magnet,  all  the  phosphorescence  phenomena  ceased  in  the 
observing  space.  Light  and  feeling  are  unaffected  by  cathode  rays,  bnt  the  smell 
of  ozone  is  strong,  and  the  peculiar  taste  produced  on  the  tongue  may  also  be 
attributed  to  the  ozone. 

A  moderate-sized  plate  of  quartz,  half  a  millimetre  thick,  held  between  the 
window  and  the  glowing  body,  extinguishes  the  light,  but  genuine  cr  imitation  gold 
and  silver  or  aluminium  foil  is  transparent  to  the  rays :  the  air  glows  in  front  of, 
but  not  behind,  the  quartz  plate  ;  it  glows  on  both  sides  of  the  metal  foil,  which 
itself  is  dark.  These  are  characteristic  differences  between  cathode  rays  and  light ; 
but  it  is  not  to  be  concluded  that  quartz  would  not  be  transparent  also  if  it  could 
be  made  as  thin  as  the  metals,  which  are  themselves  opaque  if  ^  mm.  thick,  as  are 
all  solid  bodies ;  on  the  other  hand,  all  solids  procurable  in  very  thin  films  were 
more  or  less  transparent.  A  double  thickness  of  tissue  paper  casts  a  shadow,  , 
whatever  colour  it  is ;  drawing  paper  is  almost,  and  cardboard  0*3  mm.  thick 
quite,  opaque.  Films  of  glass  begin  to  be  appreciably  transparent  when  0*02  mm. 
thick,  and  are  perfectly  transparent  when  thin  enough  to  show  Newton's  rings — 
that  is,  when  as  thin  as  double  aluminium  foil.  There  is  thus  no  appreciable 
difference  between  conductors  and  dielectrics.  Mica  and  collodion  films  are  also 
transparent  when  about  0*1  mm.  thick.  A  glass  window  could  be  used  if 
sufficiently  thin,  and  did  as  well  as  aluminium,  but  is  not  so  easily  manipulated. 
With  regard  generally  to  opacity  in  air,  the  author  finds  no  such  differences  as 
occur  in  the  case  of  light,  all  substances  being  more  or  less  equal  in  their  qualities 
in  this  respect. 

The  apparent  contradiction  with  the  experiments  of  Crookes  and  of  Goldstein, 
who  found  glass  and  collodion  opaque  even  in  thin  films,  is  explained  by  the  blaze 
of  light  from  the  phosphorescent  glass  in  their  vacuum  tubes,  which  makes  the 
shadow  of  the  film  appear  dark  by  contrast 

The  air  is  a  turbid  medium  for  cathode  rays,  as  is  shown  by  experiments  on 
shadows  of  solid  objects,  which  are  never  sharp.  The  phenomena  resemble  light 
penetrating  a  vessel  of  milk.  Cathode  rays  are  actinic,  and  will  darken  sensitive 
paper  about  as  quickly  as  light  on  a  cloudy  day  ;  and  experiments  on  quartz  and 
foil  are  ea«ily  carried  out  with  diy  plates,  when  the  curious  transparency  of  the 
latter  and  opacity  of  the  former  are  fully  brought  out ;  and  the  dry  plate  is  more 
sensitive  than  the  eye,  owing  to  the  cumulative  nature  of  the  effect,  relatively 
opaque  bodies  being  thns  shown  to  be  partially  transparent. 

Chemical  effects,  other  than  a  change  of  colour  of  iodine  paper,  which  may 
have  been  due  to  ozone,  were  not  observed.  Electrolytic  oxygen  and  hydrogen 
were  not  exploded;  carbon  bisulphide  did  not  catch  fire.  A  thermopile,  so 
sensitive  as  to  discover  a  candle  50  feet  away,  remained  unaffected. 

Cathode  rays  penetrate  the  interior  of  metallically  closed  spaces,  and  are 
easily  separable  from  the  electrostatic  forces  producing  them.  The  screening 
arrangement  described  above  does  not  prevent  small  sparks  being  drawn  from 
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condncton  in  the  observing  space,  and  these  are  produced  even  when  the  cathode 
rays  are  deflected  by  a  magnet  so  that  phosphorescence  phenomena  cease.  It  was 
also  found  that  the  cathode  ray  phenomena  took  place  in  precisely  the  same 
manner  in  the  interior  of  a  completely  closed  metal  box  fastened  to  the  front  of 
the  window,  and  inside  of  which  there  were  no  electrostatic  forces.  The  photo- 
graphic plate  exposed  in  this  box  showed  also  that  the  air  glow  was  present,  and 
was  therefore  connected  with  the  cathode  rays,  and  not  with  the  electric  forces. 

Electrified  bodies  placed  in  the  observing  space  lose  their  charge ;  bat  an 
nnelectrified  body  does  not  acquire  any  charge  capable  of  being  observed  with  a 
most  delicate  electroscope.  Quartz  is  opaque  and  aluminium  foil  transparent  to 
this  effect,  as  before. 

Cathode  Ray»  in  a  ra<*iiuin.— When  a  tube  reaches  a  high  state  of  exhaustion, 
no  electric  discharge  takes  place  in  it,  and  no  cathode  rays  can  be  produced ;  con- 
sequently it  was  unknown  whether  matter  was  essential  for  the  propagation  of  the 
rays ;  but  by  making  the  vacuum  at  the  observing  space  outside  the  window  this 
point  could  be  settled.  The  vacuum  tube  was  therefore  constructed  with  a 
prolongation  beyond  the  window  connected  to  a  pump  which  was  capable  of  pro- 
ducing the  highest  vacua,  and  since  these  vacua  were  maintained  for  hours,  there 
was  no  leakage  from  the  discharge  tube  through  the  window.  If  the  degree  of 
exhaustion  in  both  tubes  is  the  same— i.e.,  about  the  vacuum  used  by  Crookes — the 
following  phenomena  are  observed : — The  glass  of  the  observing  space  tube  glows 
bright  green  up  to  the  first  diaphragm  placed  in  it  and  a  little  beyond,  and  also 
a  short  way  up  the  exhaust  tube,  which  enters  in  this  portion  of  the  tube.  This 
corresponds  to  a  propagation  of  the  rays  in  all  directions  from  the  window  in 
straight  lines.  Beyond  the  diaphragm  all  is  dark  except  a  patch  about  9  mm.  in 
diameter  at  the  end,  due  to  the  rays  passing  through  the  hole  in  the  diaphragm ;  these 
can  be  deflected  and  the  spot  moved  about  by  holding  a  magnet  near.  If  it  falls 
on  a  small  electrode  placed  at  the  extreme  end  of  the  observing  tube,  it  disappears 
completely.  If  the  tube  were  further  exhausted  of  the  **  turbid  "  air,  the  rays  went 
for  80  cm.  without  appreciably  weakening  in  intensity,  and  they  behaved  as  they 
do  in  an  ordinary  vacuum  tube  towards  a  magnet.  On  further  exhaustion  of  the 
observing  tube  to  such  a  degree  that  no  discharge  passes  if  the  electrode  and  the 
diaphragm  of  the  observing  tube  are  connected  to  the  induction  coil,  the  cathode 
rays  go  through  it  as  before  with  perfect  ease.  The  phosphorescent  spot  is  as 
bright  as  before,  and  has  perhaps  sharper  boundaries  ;  the  phosphorescence  of  the 
glass  between  window  and  diaphragm  continues  as  before.  After  the  passage  of 
the  rays  the  vacuum  was  just  as  good  as  before—no  matter  had  entered  with  them. 
An  observing  tube  1^  metres  long  was  now  made,  and  connected  to  a  Topler-Hagen 
pump— suitable  diaphragms  allowed  only  a  small  pencil  of  rays  to  pass  through — ^and 
the  tube  was  exhausted  for  several  days  with  repeated  heating  until  the  pump, 
which  was  provided  with  a  capillary  tube  (Raps,  W,  A.^  vol.  xliii.,  p.  636),  had  reached 
its  limit.  A  movable  phosphorescent  screen  beyond  the  diaphragm  showed  the 
diameter  of  the  spot  covered  by  the  rays  at  various  distances,  and  this  corresponds 
to  a  propagation  in  absolutely  straight  lines,  as  in  the  case  of  light.  The  vacuum 
in  these  experiments  corresponded  to  the  pressure  of  mercury  vapour  at  —  21^  C, 
to  which  it  was  artificially  cooled — that  is,  to  0*00002  mm.    Cathode  rays,  therefore 
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are  propagated  through  spaces  containing  matter  only  in  such  an  attenuated  form 
that  all  its  known  effects  cease :  that  is  to  say,  they  are  phenomena  in  the  ether,  as 
was  long  ago  concluded  bj  E.  Wiedemann,  Hertz,  and  Goldstein. 

Cathode,  Ray*  in  Gases. — ^The  transparency  of  gases  varies,  and  depends  on 
their  densities,  as  seen  in  the  following  table  giving  the  distances  to  which  the 
rays  penetrate  the  gases  at  atmospheric  pressures : — 

Oas.  Densit}*.  Length  of  Ray. 

Hydrogen       1*0       29*5 

UO       6-6 

U-4       6-0 

16-0       6-1 

220       40 

820       2-3 

The  transparency  increases  with  decreasing  density,  and  at  a  pressure  of 
0*07  mm.  air  and  hydrogen  have  the  same  length  of  ray — about  12  times  that  of 
hydrogen  at  atmospheric  pressure.  The  glow  decreases  rapidly  in  intensity  as  it 
gains  in  extension ;  this  being  what  would  be  expected  if  gases  are  turbid  media. 
The  degrees  of  turbidity  were  also  compared  by  observing  the  diffusion  of  a  pencil 
of  rays  after  passing  through  a  diaphragm. 

All  these  cathode  rays  were  produced  in  the  same  manner  at  the  same  pressure ; 
at  different  pressures  other  kinds  were  produced  which  were  diffused  to  different 
extents  in  the  observing  tubes.  If  the  discharge  tube  were  a  little  further 
exhausted,  the  rays  were  still  produced,  but  were  less  diffused,  and  vice  ver$d ;  and 
these  phenomena  were  frequently  observed  while  bringing  the  discharge  tube  to 
the  proper  degree  of  exhaustion.  Hertz  has  already  observed  that  there  exist 
different  kinds  of  cathode  rays  having  properties  corresponding  to  the  colours  of 
light,  and  differing  in  their  capacity  for  exciting  phosphorescence,  for  absorption, 
and  deflection  by  a  magnet ;  and  generally  the  phenomena  here  described  correspond 
with  those  of  light  Light  of  short  wave-length  is  more  scattered  in  certain  optical 
media  than  that  of  longer  wave-length. 

To  judge  from  the  behaviour  of  gases  here  described,  the  occurrences  in  the 
ether  which  constitute  the  existence  of  the  cathode  rays  must  be  of  such  delicacy 
as  to  compare  with  molecular  dimensions  in  order  of  magnitude.  Matter  behaves 
as  if  it  filled  all  space  as  far  as  light,  even  of  smallest  wave-length,  is  concerned;  but 
even  elementary  gases  behave  towards  cathode  rays  as  non-homogeneous  media: 
every  molecule  appears  to  be  a  separate  obstruction.  Molecules  of  gas  obscure 
the  ether,  the  extent  of  the  turbidity  depending  only  on  the  total  mass  of  the 
molecules  per  unit  of  volimie  ;  and  the  phenomena  are  to  some  extent  reproduced 
if  the  cathode  rays  are  replaced  by  light,  and  the  molecules  by  coarse  particles  of 
matter.    This  very  important  paper  is  fully  illustrated. 


W.   KUHZ— ON   THE  DEPENDENCE    OF   MAGNETIC   HYSTERESIS, 
PERMEABILITY,  AND  THE  ELECTRICAL  CONDUCTIVITY  OF 
IRON   AND  NICKEL  ON  THEIR  TEMPERATURE. 
{Beihlatter,  Vol  18,  No,  2,  p,  229.) 
The  author  measured  the  temperatures  in  his  experiments  by  means  of  a 
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thermo-conple  of  platinum  and  platinum  containing  10  per  cent,  of  rhodium.  The 
temperatures  were  produced  by  means  of  platinum  wires  carrying  currents  wound 
round  the  wire  under  experiment,  and  which  went  .up  to  over  800°  C.  The  wire 
can  thus  be  maintained  at  a  perfectly  even  temperature.  The  author  comes  to  the 
following  conclusions: — The  work  done  in  overcoming  hysteresis  in  a  magnetic 
cycle  of  given  amplitude  for  soft  iron  varies  with  the  temperature,  becoming 
smaller  with  increasing  temperature.  For  steel,  on  the  other  hand,  the  work 
increases,  slightly  at  first,  up  to  300°,  then  falls  again,  at  first  very  quickly,  but 
with  decreiBsing  rapidity.  For  nickel  the  hysteresis  loss  decreases,  at  first  rapidly, 
afterwards  more  slowly,  with  increasing  temperature.  For  soft  iron  the  relation  of 
hysteresis  loss,  H,  to  temperature,  tj  may  be  expressed  thus :  H  ««  a  —  6  ^ ;  a  and 
b  being  constants  depending  on  the  quality  of  the  iron,  and  independent  of  the 
maximum  induction  of  the  cycle.  After  cooling  the  wire  to  its  original  tempera- 
ture, the  hysteresis  is  no  longer  so  great  as  before  the  heating.  If  the  cycle  be 
repeatedly  performed  at  a  high  temperature,  the  hysteresis  loss  is  considerably 
reduced. 


AHOH.— THE  LIVEING  CARBON  ELECTRODE. 

(Xa  Lumihre  Electrique,  Vol.  51,  No,  7,  p.  381.) 

In  M.  Liveing's  electrolysing  apparatus,  the  anodes  consist  of  piecee  of  retort 
carbon  resting  on  an  insulating  grid.  These  pieces  of  carbon  are  connected  to  the 
positive  pole  by  a  metallic  rod,  which  is  pressed  down  on  to  the  carbon  by  means 
of  a  weight.    A  cheap  anode  is  thus  obtained,  possessing  a  large  surface. 


AHOH.— INDUSTRIAL  ELECTRO-CHEMISTRY. 

(La  LumOre  Electrique,  Vol.  61,  No.  9,  p.  429.) 

By  the  same  method  as  that  of  MM.  Hermite  and  Dnbosc,  M.  Despeiasee 
proposes  to  manufacture  potassium  and  sodium  by  electrolysing  their  chlorides. 
The  cathode  consists  of  a  bath  of  mercury,  which  amalgamates  with  the  sodium 
and  potassium,  and  yields  a  product  from  which,  by  quickly  washing  with  boiling 
water,  potassium  and  sodium  can  be  obtained. 


J.  OABVZSB— THE  STUDY  OF  CHEMICAL  REACTIONS  BY 
MEANS  OF  ELECTRICITY. 

(£a  Lumiire  Electrique,  Vol.  51,  No.  18,  p.  619.) 

The  measure  of  electrical  conductivities  has  been  of  aid  in  following  certain 
chemical  reaictions. 
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On  this  principle  M.  J.  Gamier  has  studied  what  takes  place  daring  the 
reduction  of  metallic  oxides  bj  means  of  carbon.  In  a  fire-clay  tube  was  placed 
a  mixture  of  oxide  of  nickel  and  powdered  charcoal,  piled  up  to  a  few  centimetres 
between  two  conductors  of  mild  steel ;  the  tube  being  heated  up  bj  means  of  coke. 
Before  heating  it,  50  volts  were  maintained  between  the  two  conductors ;  the 
resistance  wAs  very  high,  no  current  being  read  on  the  ammeter.  After  a 
quarter  of  an  hour*s  heating,  the  process  of  reduction  was  started,  and  the  current 
gradually  rose  to  50  amperes,  the  voltage  becoming  very  small,  the  particles  of 
nickel  evidently  forming  a  path  of  very  low  resistance. 

If  the  process  of  heating  is  carried  further,  the  reduced  metal  is  carbonised, 
the  resistance  is  increased,  and  the  current  falls  to  1  or  2  amperes  with  about 
45  volts. 

M.  Ghiniier  has  also  experimented  in  the  same  manner  with  mixtures  of  oxide 
of  copper,  of  nickel,  and  of  iron.  Such  a  method  should  be  of  service  in 
such  metallurgical  processes  as  the  manufacture  of  steel,  and  in  copper  and 
nickel  refining. 


AHOH.— THE  LAHMEYER  SYNCHRONISER. 

(La  Lumiire  EUctriquey  Vol.  61,  No.  10,  p.  48».) 

This  instrument  is  for  use  with  alternating  motors.  It  consists  of  a  piece  of 
iron  fixed  to  the  end  of  a  spring  which  is  attracted  by  a  magnet  pole.  This  piece 
of  iron  will  vibrate  and  make  a  noise  when  the  motor  is  out  of  synchronism. 
When  synchronism  is  reached  the  noise  stops. 


J.  BOUBQUZtf— THE  EMPLOYMENT  OF  GAS  ENGINES  IN  PUBLIC 
AND  PRIVATE  ELECTRIC  LIGHTING  STATIONS. 

{La  Lumiire  Eiectrique,  Vol  51,  No.  6,  p.  488.) 

The  author  states  the  following  advantages  of  using  gas  engines  for  electric 
lighting  purposes : — 

1.  The  gas  works  themselves  may  be  used  as  a  central  station. 

2.  The  facility  with  which  gas  can  be  obtained  from  existing  sources. 

3.  It  has  been  shown  that  one  cubic  metre  of  gas  gives— 

(a)  In  a  Bengel  jet  of  16  candle-power,  a  maximum  of  91  candle-hours ; 
(6)  In  an  incandescent  lamp  of  16  candle-power,  a  minimum  of  162 
candle-hours ; 

(c)  In  the  Wenham  lamp,  a  maximum  of  200  candle-hours ; 

(d)  In  an  arc  lamp,  a  minimum  of  654  candle-hours ; 

the  result  being  that  the  number  of  16-candle-power  lamps  can  be  increased  in  the 
ratio  of  91  to  162  if  incandescent  lamps  be  used,  and  in  the  case  of  arc  lamps  in  the 
ratio  of  200  to  654,  without  increasing  output  of  etation. 
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4.  If  the  electric  lighting  is  carried  oat  bj  the  gas  company,  a  smaller  staff 
will  be  needed  than  in  the  case  of  an  independent  company. 

5.  Together  with  the  abo?e  technical  advantages,  it  is  necessaiy  to  consider 
the  advantages  of  combining  both  systems  of  supply,  thus  obviating  snch  com- 
petition as  would  be  detrimental  to  the  success  of  the  new  undertaking.  Moreover, 
gas  will  under  these  conditions  be  obtained  for  the  engines  at  the  cost  of  production, 
and  not  at  the  selling  price. 


A.  HBSS— THE  ELECTRIC  TRAMWAY  FROM  BORDEAUX-BOUSCAT 

TO  VIGEAN. 

(^La  Lumtire  Efectrique,  Vol.  51,  No,  5,  p.  201.) 

This  electric  tramway  is  on  the  Thomson-Houston  system.  The  total  length 
of  line  is  4,820  metres.  The  rails  have  a  gauge  of  1  metre.  The  sleepers,  as  well 
as  the  rails,  are  of  steel.  The  gradients  are  small,  and  vary  from  2  to  15  mm.  in 
the  metre.  There  are  few  curves,  the  smallest  radius  being  about  40  metres.  A 
single  track  is  used,  with  seven  points,  excluding  those  at  the  extremities  of  the 
line;  the  smallest  distance  between  the  points  is  300  metres,  and  the  greatest 
distance  1  kilometre.  The  conductor  is  placed  overhead,  and  consists  of  a  hard 
copper  wire  of  high  conductivity,  8^  mm.  diameter.  This  wire  is  suspended  over 
the  centre  of  the  track,  either  by  galvanised  steel  cables  fixed  to  posts  of  wood  or 
Bteel,  or  the  wire  is  suspended  from  brackets  fixed  to  wooden  posts.  The  rails  and 
earth  are  used  as  a  return.  The  generating  station  is  situated  about  centrally  from 
the  two  extremities  of  the  line.  The  carriages  are  stored  in  the  same  building. 
The  central  station  proper  consists  of  a  machine  room  and  boiler  house. 

Steam  is  obtained  from  two  Babcock-Wilcox  boilers,  having  a  heating  surface  of 
132  square  metres,  each  capable  of  evaporating  1,850  kilogrammes  of  water  per 
hour. 

The  feed  water  is  contained  in  a  tank,  and  passes  through  a  heater  before 
entering  the  boiler.  A  Worthington  pump  is  used  for  pumping  water  up  from  a 
well  into  the  tank. 

The  engine  room  contains  two  compound  non-condensing  engines,  by  Mcintosh 
&.  Seymour,  of  New  York,  driving  two  Thomson-Houston  generators  by  belt. 
These  engines  have  tandem  cylinders,  with  valve  chests  on  alternate  sides  of  the 
cylinders,  allowing  of  freer  access  to  these  parts,  as  well  as  to  the  staffing  boxes 
between  the  cylinders.  These  are  completely  steam-jacketed.  Lubrication  of 
the  engine  ib  effected  by  means  of  oil  pumps.  The  engines  are  capable  of  develop- 
ing 150  H.P.  at  235  revolutions  per  minute. 

The  dynamos  are  of  the  Thomson-Houston  four-pole  type,  over-compounded. 
Their  output  is  100  kilowatts  at  an  E.M.F.  of  550  volts  and  a  speed  of  600 
revolutions  per  minute. 

The  distributing  board  consists  of  two  panels.  These  contain  the  main  and 
shunt  switches,  a  device  for  connecting  up  the  compound  machines,  a  shunt 
rheostat,  a  voltmeter,  an  ammeter,  five  pilot  lamps,  a  lightning  protector,  and  an 
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automatic  cnt-out  for  use  in  the  event  of  an  accidental  short-circuit.  At  the  side 
of  the  switch-board  are  placed  the  two  Thomson-Houston  meters  and  a  WestOQ 
voltmeter  with  an  engine-room  dial. 

The  cars  in  use  are  of  two  kinds.  Those  fitted  with  motors  weigh  5  tons, 
and  can  accommodate  40  people.  They  have  no  seats  outside.  The  others  are  of  the 
same  design,  and  capable  of  carrying  50  passengers.  These  have  no  motors,  and 
aie  destined  to  be  drawn  by  the  motor  carriages  during  periods  of  heavy  traffic. 
The  wheels  are  0*84  muL  diam.  The  weight  of  5  tons  is  made  up  as  follows : — 
Motor  and  gearing,  900  kgm. ;  the  carriage,  2,000  kgm. ;  truck,  1,500  kgm. ; 
various  parts,  600  kgm. 

Six  of  the  motor  cars  are  in  use. 

The  motors  are  of  the  Thomson-Houston  "  waterproof  '*  type,  capable  of 
developing  15  to  20  H.P.  The  gearing  works  in  an  oil  box.  The  armature  is 
completely  closed  in  by  an  iron  shell  forming  part  of  the  magnet  system.  The 
cars  are  lighted  by  five  incandescent  lamps  connected  in  series  across  the  500-volt 
circuit. 

Under  ordinary  circumstances  the  company  runs  20  trains  per  day  in  each 
direction.  The  mean  speed  is  12  kilometres  per  hour,  but  this  figure  can  be 
considerably  increased. 


P.    KOKO— MEANS    OF    PROTECTION   AGAINST   LIGHTNING. 

(Za  Lumiere  EUctrique,  Vol.  51,  No.  6,  p.  210.) 

Official  German  reports  show  that  the  number  of  deaths  caused  by  lightning 
have  increased  by  about  200  per  cent,  from  the  year  1870  to  1882.  The  author 
attributes  this  fact  to  the  gradual  disappearance  of  forests,  and  to  the  greater  use  of 
metals  in  building  construction.  Lightning  protectors  have  yielded  excellent 
results  in  most  cases,  and  it  is  essential  that  all  high  buildings  should  be  provided 
with  them.    There  are  in  general  use  two  types — 

1.  The  Prankling  lightning  protector. 

2.  The  Melsens  lightning  protector. 

The  former  is  the  older  of  the  two,  dating  as  far  back  as  1752.  It  consists  of 
a  metal  rod  placed  above  the  building  and  connected  with  a  continuous  conductor, 
which  must  be  well  earthed  in  a  place  where  the  soil  is  damp,  otherwise  accidents 
may  occur.  It  is  also  important  that  the  tep  of  the  protector  should  tower  well 
above  all  other  points  on  the  building.  This  does  not,  however,  afford  absolute 
protection,  for  in  many  instances  have  buildings  been  struck  which  were  provided 
with  them. 

The  second  system,  due  to  Melsens,  is  of  a  more  recent  date,  and  not  so  well 
known.  It  depends  on  the  following  principle  :~That  if  a  building  were  surrounded 
by  a  metallic  screen  which  was  well  earthed,  it  would  be  absolutely  protected 
against  lightning.  This  condition  is  easily  realised  in  practice.  The  salient  points 
of  the  building— -preferably  metallic  parts—must  be  judiciously  connected  by  a 
metallic  circuit,  which  must  be  earthed  at  a  number  of  points.    It  is  also  advisable 
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to  fix  metallic  forks  above  this  circnit  The  latter  may  be  of  large  galvanised  iron 
wire,  phosphor-bronze,  or  copper.  The  use  of  the  forks  is  to  prevent  a  discharge, 
and  to  neutralise  the  charge  in  the  clouds  to  a  certain  degree.  That  such  an  action 
takes  place  has  been  conclnsively  proved  by  M.  Conrtoj. 

The  existence  of  such  a  protector  has  no  influence  on  neighbouring  buildings. 

There  is  a  great  economy  in  this  system,  as  the  circuit  and  forks  may  be  made 
light,  and  consequently  easily  fixed.  The  difference  in  price  between  the  two 
systems  is  considerable. 

Owing  to  the  number  of  paths  to  earth  through  the  building,  less  attention  is 
required  than  with  the  other  system.  The  author  states  that  no  building,  to  his 
knowledge,  has  ever  been  struck  by  lightning  which  was  carefully  fitted  with  such 
a  system,  and  where  Melsens's  principles  had  been  observed.  This  system  is 
largely  used  in  Belgium ;  it  has  been  recommended  by  L'Academie  des  Sciences  in 
France,  notably  for  powder  factories  and  magazines ;  and  has  also  been  adopted  in 
England  for  protecting  ships. 


B.  J.  BBUHSWICX— NOTES  ON  THE  ELECTRICAL  INDUSTRY  IN 
THE  UNITED   STATES. 

(La  Lumihe  Electrique,  Vol.  61,  No,  9,  p>  414.; 

Elbctrig  Traction, 

The  present  tendency  is  to  use  heavy  rails,  0*15  metre  high,  weighing  from 
38,500  kilos,  and  upwards  per  metre.  The  rails  are  fixed  on  oak  sleepers,  placed 
about  0*75  metre  apart.  At  the  joints  the  sleepers  are  brought  close  together.  In 
some  instances  lately,  rails  0*22  metre  high  have  been  employed,  and  nailed 
directly  on  to  the  sleepers.  When  there  is  more  than  a  10  minutes'  interval 
between  the  cars  a  single  line  is  used. 

Slopes  of  10  and  12  per  cent  are  to  be  found.  The  minimum  radius  for  curves 
is  9  metres,  and  the  resistance  offered  by  these  curves  is  estimated  as  equivalent  to 
a  4  per  cent  increase  in  the  slope.  Overhead  conductors  with  earth  return  are 
mostly  used. 

Owing  to  the  high  value  of  land  in  the  proximity  of  town,  it  is  usual  to  find 
the  generating  station  at  the  end  of  the  line.  The  generating  stations  generally 
contain  at  least  two  steam  engines,  except  when  less  than  five  cars  are  run.  Up  to 
15  cars  it  is  preferred  to  use  high-speed  engines,  owing  to  the  variations  in  load. 

Usually  the  number  of  cars  is  considerably  above  this ;  it  is  then  that  Corliss 
or  similar  engines  are  used.  For  more  than  40  cars  compound  condensing  engines 
are  employed.  With  respect  to  the  output  of  the  station,  it  is  estimated  that  for  five 
to  10  cars  (using  25-HF.  motors)  80  amperes  per  car  are  required,  and  25  amperes 
per  car  (using  20-H.P.  motors)  for  10  cars  or  more ;  the  difference  of  potential 
being  uniformly  500  volts. 

The  generating  stations  are  very  similar  to  one  another.  The  West  End  Street 
Railway  Ca  of  Boston  should  be  taken  as  a  fine  example.    This  station  is  arranged  as 
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follows: — Gronnd  floor:  steam  engines;  basement:  mains,  pomps,  condensers, 
and  economisers ;  top  floor :  dynamos.  The  boiler  house  is  adjacent  to  the  machine 
room,  and  contains  two  fine  batteries  of  six  groups  of  double  boilers.  These  are  of 
the  Babcock  tjpe,  and  are  each  of  250  H.P.,  making  a  total  of  6,000  H.P.,  but 
are  capable  of  maintaining  an  overload  of  50  per  cent,  when  continuously  working. 
Coal  is  run  In  to  the  boiler  house  directly  from  a  neighbouring  wharf.  Six 
triple-expansion  Ckyrliss  engines  of  1,000  H.F.  are  installed.  The  dynamos,  under 
normal  conditions,  gire  500  amperes  at  550  volts,  and  can  stand  during  several 
houn  a  50  per  cent,  overload. 

Preference  is  given  in  America  to  simple  reduction  motors,  in  view  of  their 
lightness  and  higher  efficiency.  The  mean  speed  of  the  can  is  16  to  20  kilometres 
per  hour.     In  some  cases  the  maximum  speed  is  40  to  45  kilometres  per  hour. 

The  motors  have  mostly  drum-wound  grooved  armatures.  In  many  cases  four- 
pole  motors  are  used.  Breakdowns  are  fairly  frequent,  due  to  dust  or  moisture 
injuring  the  motor  commutators. 

The  Westinffhouse  and  Thomson-Houston  motors  have  their  spindles  parallel 
to  the  axles  of  the  carriage,  the  speed  being  geared  down  from  10  to  7.  The  Short 
Electric  Ck).  either  gears  down  or  drives  direct. 

The  Sperry  Electric  Railway  Co.  (Cleveland,  Ohio)  uses  only  one  motor  per 
car,  with  its  spindle  at  right  angles  to  the  axles ;  reduction  in  speed  being  effected  by 
bevel  gearing. 

The  Short  Elbotbic  Co.*8  Motoks. 

When  the  armature  is  worked  directly  on  the  axle,  the  average  speed  is  about 
150  revolutions  per  minute.  The  velocity  of  the  car  is  from  10  to  15  miles  per 
hour ;  the  number  of  revolutions  per  minute  is  112  to  170  for  wheels  of  0*75  metre 
diameter,  and  106  to  160  for  wheels  0*80  metre  diameter.  The  armatures  are  of  the 
Paccinotti  type.  Eight  field  mac^ets  are  used,  placed  face  to  face  on  each  side  of 
the  armature.    The  armature  has  a  hollow  spindle,  through  which  passes  the  axle. 

Each  car  carries  two  motors  of  20  H.P  The  chief  inconvenience  of  these 
motors  is  the  large  diameter  of  the  armature,  which  necessitates  the  use  of  wheels 
0*9  metre  in  diameter.  The  latest  type  are  used  with  wheels  0*775  metre  in 
diameter,  and  weigh  about  1,150  kilogrammes.  The  magnets  are  of  cast  steel. 
There  are  three  field  magnets,  with  consequent  poles,  constituting  a  six-pole 
machine  of  special  shape. 

The  armature  is  0*525  metre  in  diameter,  and  runs  at  120  revolutions  per 
minute,  and  gives  20  H.P.  The  motor  is  so  mounted  that  it  is  an  easy  matter  to 
replace  damaged  sections  on  the  armature. 

A  short  motor  with  six  poles,  giving  20  H.P.  at  500  volts,  has  the  following 
dimensions  and  particularB : — 

Diameter  of  armature 0*55  metre. 

Weight ...      1,150  kilogrammes. 

Over-all  dimensions : — 

Length 1*050  metres. 

Width     0*950       „ 

Height 0*650       „ 
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A  motor  is  alto  made  bj  the  same  company  for  simple  reducUoo,  and  is  some- 
what analogous  to  the  Shuckert  machine.  The  armature  is  of  the  disc  type,  with 
eight  field  magnets.  The  magnetic  circuit  is  of  cast  steel,  in  which  the  induction 
is  pushed  up  to  20,000  C.G.S.  units  per  square  cm.  The  commutator  has  144 
sections. 

OVBB-ALL  DlM£NBIONS. 


500  Volts. 

Diameter  of 
Armature. 

Weight. 

DlMBBBIOKS. 

Length. 

Width. 

Height. 

20  H.P. 
80  H.P. 

0-465  m. 
0-515  m. 

950  kg. 
1,150  kg. 

0-600  m. 
0*620  m. 

0-530  m. 
0-700  m. 

0-560  m. 
0-690  m. 

Ths  Spbbbt  Electric  Railway  Co.'b  Motob. 

This  company  have  designed  a  motor  with  the  special  intention  of  eliminating 
all  shocks  and  vibrations  which  are  detrimental  to  the  armature.  Only  one  motor 
is  used  on  each  car,  and  gears  at  each  end  of  the  spindle  with  the  axles  by  means 
of  bevel  gearing.  Careful  tests  carried  out  by  the  makers  have  shown  that  the 
power  lost  with  uncut  bevel  gearing  is  only  1-74  per  cent,  above  that  with  carefully 
cut  spur  gearing.  It  is  estimated  that  this  system  of  driving  gives  11  per  cent 
increase  of  tractive  fwce,  as  compared  with  the  system  of  driving  each  axle  by  a 
separate  motor.  This  is  due  to  the  identity  in  speeds  of  the  two  axles  obtainable 
by  using  only  one  motor,  which  is  veiy  noticeable  on  slopes,  at  starting,  or 
during  wet  weather. 

The  whole  weight  of  the  motor  rests  on  two  cross  bars  supported  on  the  truck 
by  springs.    The  level  gearing  is  necessarily  supported  by  the  axle. 

Such  cars  hare  worked  satisfactorily  at  Pittsburg  with  slopes  of  6  and  10*5 
per  cent. 

The  cars  are  generally  4*80  metres  long,  and  weigh  8,850  kilos,  when  fully 
loaded.  Long  cars  of  6  metres  to  6-6  metres  are  sometimes  used.  For  use  on 
large  slopes  the  cars  carry  sand  boxes  to  increase  adherence,  which  must  be  from 
125  to  150  kilos,  per  ton  in  bad  weather. 

The  following  table  gives  the  capital  and  other  particulars  of  some  of  the 
large  companies : — 
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OoliPAJiiin. 


I 


S50 


H  OOQ 


j  Atlantic  Av.  &  A  Oo.  ... 
\\  Do.        do. 

I  I  Brooklyn  City  R.  R.  Go. 


Co. 


Essex  Co 

Newark  South  Avenue  Co. 
Rapid  Transit  Star  Co. 

Pittsb.,  KnoxviUe,  St.  Clair  Ry. 
Citixens*  Traction  Co. ...    . 
Daqnesne  Traction  Co. 
Federal  Street  Railway  Co. 
Pittsburg  Traction  Co....    . 
Pittsburgr,  Allegrheny,ManohesterRy. 
Pittsburg  and  Birmingham  Ry.  Co. 

Sohenley  Park  Ry.  Co 

.Suburban Rapide  Circuit , 

(Calumet TL  Ry.  Co 
Cicero  and  Puvis  St.  Ry.  Ca    , 

I  South  Chicago  City  Ry.  Co.     , 

I  Wester  South  Towers  St.  Ry.  Co.    ... 

j  Boston  and  Revere  EL  Co. 

I  West  End  Street  Ry.  Co , 


6.000,000 


7,600,000 
2,500,000 

1,760,000 
16,000,000 
0,600,000 


15,000.000 
500,000 
000.000 

2,600,000 

6,000,000 

600,000 

2,600,000 

260,000 
68,000,000 


6% 


10 

7 

61 
13-2 


6-5 
2-4 


60 
600 
40 

4 

60 
16 

10 
80 
40 
76 

6 
66 
66 

2 

100 
54 
26 
12 

14 
7 -261500 


1,760 

10,000 

SOO 

160 

1,000 

400 

300 

276 

4,700 

1,200 

100 

1,000 

4,200 

200 

260 

1,900 
600 
300 

150 
12,000 


Original  station. 
New  station. 


Only  15  motor  cars 

60  motor  oars. 
2  motor  cars. 


7  motor  oar& 

40  motor  cars. 

Do. 

Do. 
Being  constructed 

5  motor  cars. 
500  motor  can. 


After  taking  a  careful  mean,  the  following  resoltB  have  been  arrived  at: — ^In 
towns  of  20,000  to  80,000  inhabitantB,  80  services  are  made  per  individual  per 
annom,  at  a  cost  of  7*50  francs  per  head ; 

From   40,000  to      60,000  inhabitants,    59  services,  at  15-00  francs  per  head. 
„    100,000  to    200,000  „  129  „         8116      „ 

„    400,000  to     800,000  „  164  „         41-10      „  ,, 

„    800,000  to  1,500,000  „  190  „         47-55      „ 

The  weights  of  copper  used  for  lines  of  yariable  lengths,  with  cars  running  at 
five-minute  intervals,  are  as  follows : — 


Distance  in 
Kilometres. 


Tbtal  Weight  of  Copper 
in  Kilogrammes. 


4  1,072 

8  7,702 

10  18,862 

16  61,504 

In  arriving  at  these  figures  the  mean  speed  was  taken  as  14*4  kilometres  per 
hour,  with  25  amperes  at  600  volts  per  car ;  the  loss  in  feeders  at  15  per  cent. 
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AHOH.— THE    KN(EFFLER  &    GEBAUR   SYSTEM  OF  ELECTRIC 

BLEACHING. 

(La  Lumiire  EUctrique,  Vol  61,  No,  10,  p,  480.) 

It  is  neceaaazy  with  this  process  to  use  a  10  or  15  per  cent,  solution  of  chloride 
of  sodinm,  through  which  an  electric  current  is  passed  with  a  current-densitj  of 
600  amperes  per  square  metre  of  electrode :  hypochlorite  of  lime  is  then  produced  in 
solution  with  an  increase  of  temperature  of — 

16°      0*30  per  cent,  of  active  chloride ; 

21°      ...        0-40       „ 

28        ...         .••         ...         •••         0*60         99  ff  ), 

It  is  then  known,  for  example,  that  a  dissolution  of  0*40  per  cent,  will  take 
place  if  the  rise  of  temperature  is  21°,  and  if  this  temperature  be  maintained  bj 
suitably  admitting  liquid  into  the  bath.  The  reaction  takes  place,  according  to  the 
inyentors,  with  perfect  regularity,  without  the  use  of  diaphragms  or  addition  of 
lime. 


AHOH.— AUTOMATIC  APPARATUS  FOR  STARTING  GAS  ENGINES. 
{La  Lumiire  Electriqtte,  Vol.  51,  No.  7,  p.  338.) 

The  object  of  this  invention  is  to  start  a  gas  engine  with  certainty,  and  without 
fear  of  explosion  if  either  light  or  heavily  loaded.  The  apparatus  is  applicable  to 
engines  of  any  power,  and  does  away  with  the  necessity  of  pulling  round  the  fly- 
wheel or  using  an  auxiliary  motor. 

This  result  is  obtained  by  initially  exploding  a  mixture  of  gas  and  air  in  the 
cylinder  of  the  engine.  The  pressure  of  this  initial  charge  may  be  regulated 
at  will,  and  must  be  sufficient  when  exploded  to  overcome  the  static  resistances 
of  the  engine  and  machinery  with  which  it  is  geared. 

The  starting  apparatus  consists  of— 

1.  A  hand  pump,  used  for  introducing  the  mixture  of  gas  and  air  into  the 
cylinder  of  the  engine,  and  into  a  small  auxiliary  cylinder. 

2.  A  device  for  holding  the  fly-wheel  during  compression. 

8.  An  auxiliary  cylinder  with  a  small  piston,  used  for  releasing  the  fly-wheel. 

It  is  at  first  necessary  to  pump  out  air  or  products  of  combustion  from  the 
cylinder,  and  to  then  pump  in  the  mixture  of  gas  and  air.  The  mixture  is  ignited 
by  an  electric  spark.  An  explosion  takes  place  first  in  the  auxiliary  cylinder, 
thus  releasing  the  fly-wheel,  which  is  started  by  the  compressed  gases  in  the  main 
cylinder;  this  charge  is  exploded  directly  afterwards  by  a  valve  connecting  the 
auxiliary  cylinder  with  the  main  cylinder. 

Before  starting  it  is  necessary  to  see  that  all  parts  of  the  engine  are  under 
normal  working  conditions. 

This  apparatus  is  used  at  the  Reims  central  station,  where  80-H.P.  engines 
are  installed.  These  engines  bum  14,500  litres  of  gas  per  hour  when  running 
light,  and  45,000  litres  at  full  load.  The  initial  pressure  for  starting  is  38 
kilogrammes  per  square  centimetre. 
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A.  BXiONDEIi— A  KEW  SIMPLIFIED  METHOD  FOR  CALCULATING 
POLYPHASE  ALTERNATING  CURRENTS. 
{Comptes  Rendus,  Vol  118,  No.  S,p,  404.) 
The  author's  object  is  to  render  the  calculations  of  polyphase  currents  as 
simple  as  those  of  monophase  currents. 

The  method  starts  with  the  two  following  hypotheses  :— 

1.  That  alternating  currents  all  vary  according  to  some  harmonic  law. 

2.  That  the  rotating  magnetic  field  produced  by  a  system  of  harmonic 
polyphase  currents,  symmetrical  both  in  intensity  and  phase,  has,  in  virtue  of  the 
good  design  and  secondary  reactions  of  the  machine,  an  intensity  and  an  angular 
velocity  sufficiently  constant  that  the  flux  cut  by  any  one  of  the  polyphase 
windings  should  vary  also  according  to  some  harmonic  law. 

From  these  hypotheses  the  two  following  statements  may  be  made  :— 

1.  A  rotating  magnetic  field  may  be  represented  by  a  vector,  representing  the 
direction  in  which  the  induction  is  a  maximum  at  any  given  moment,  and  also  the 
constant  value  of  this  maximum. 

2.  The  polyphase  currents  producing  it  may  also  be  collectively  represented 
by  a  single  vector,  standing  for  the  intensity  of  an  equivalent  rotating  current 
passing  round  the  whole  circuit ;  in  the  same  manner  the  whole  of  the  alternating 
electro-motive  forces  may  be  represented  by  a  single  rotating  electro-motive  force, 
or  vectorial.  If  q  be  the  number  of  polyphase  currents  employed,  I^  their 
maximum  amplitude,  Uq  their  maximum  tension  measured  between  each  conductor 
and  the  return  conductor,  then  the  vectorial  intensity,  I,  and  the  vectorial  tension, 
U,  may  be  defined  as  by  formulas  (1)  and  (2) — 

(i)i  =  io; 

(2)  U  =   ^-  U„. 

The  value,  ^,  of  a  field  may  always  be  expressed  in  terms  of  the  vectorial 
intensity,  I,  of  the  system  producing  it,  and  so  also  the  vectorial  electro-motive 
force,  £,  as  a  function  of  a  field,  F,  which  is  producing  it,  by  means  of  the  two 
expressions — 

(*)E-i.?^NF; 

where  R  is  a  magnetic  resistance,  K  and  k  two  coefficients  depending  on  the  type 
of  winding. 

By  comparing  the  two  formulsB  (8)  and  (4)  one  obtains  the  theoretical  expres- 
sions for  the  coefficient  of  mutual  induction,  M,  of  two  polyphase  systems,  and  of 
the  self-induction,  A — 

^  ^  R     2      2   ' 


A»Kit 


't  m 


The  above  simple  definitions  will  allow  of  the  application  of  all  the  ordinary  laws 
and  graphical  methods  used  in  the  case  of  monophase  alternating  currents,  to 
vectorial  currents. 
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LE   BLANC— THE  MINIMUM   E.M.F.   NECESSARY  TO 
PRODUCE  DECOMPOSITION  IN  ELECTROLYTES. 

(Comptet  Rendusj  Vol,  llB,No.S,p,  411.) 
The  author  claims  priority  to  M.  Noorisson's  researches,  for  nearly  three  years 
ago  experiments  were  carried  out  by  him  to  determine  the  minimum  E.M.F. 
necessary  to  produce  risible  decomposition  in  electrolytes  by  introducing  a  very 
sensitive  galvanometer  in  circuit,  and  by  using  known  electro-motive  forces, 
Increasing  from  0  volts  in  steps  of  0*02  volts.  Platinum  wires  were  used  as 
electrodes,  and  it  was  only  when  the  E.M.F.  was  raised  to  certain  values  that  the 
galvanometer  indicated  any  current.  This  critical  voltage  could  be  measured 
accurately  in  hundredths  of  a  volt,  and  is  called  by  the  author  the  point  of 
decomposition  of  the  electrolyte. 

These  values  are  tabulated  below,  when  using  normal  solutions  of  the  following 
salts:— 


CL 

Br. 

L 

SO,. 

NO.. 

CO.. 

Potassium 

1-96 

1-61 

114 

2-20 

217 

1-74 

Sodium 1-98 

1-58 

1-12 

2-21 

216 

1-71 

Lithium 

1-86 

1-58 

1-12 

2-21 

211 

1-71 

Calcium  ... 

1-89 

1-68 

112 

2-21 

2-11 

1-71 

Strontium 

2-01 

1-58 

M2 

2-21 

2-28 

1-71 

Barynm  ... 

1-99 

1-68 

112 

2-21 

2-25 

1-71 

Ammonium 

1-7 

1-40 

0-88 

2-11 

208 

1-71 

The  author  has  also  experimented  with  different  acids  and  bases,  and  the  point 
of  decomposition  was  found  to  have  in  most  cases  the  value  1*70  volts-  The  author 
considers  that  this  is  due  to  the  decomposition  of  water,  forming  here  a  primary, 
and  not  a  secondary,  action. 


M.    8BBTK8L0T— OBSERVATIONS  ON  THE  ABOVE : 
LIMITS  OF  ELECTROLYSIS. 

{Comptu  Bendus,  Vol,  118,  No.  B,p,  412.) 

The  author  recalls  certain  results  published  in  1882  on  the  limits  of  electro- 
lysis. It  was  shown  by  experiment  that  in  the  electrolysis  of  an  alkaline  salt  of 
which  the  acid  and  the  base  are  neither  oxides,  nor  reduced  during  the  operation, 
the  minimum  electro-motive  force  necessary  to  produce  electrolysis  is  the  sum  of 
two  quantities — one  of  them  equivalent  to  the  heat  absorbed  by  the  separation  of 
the  acid  and  base  in  solution,  and  the  other  to  the  heat  of  decomposition  into 
oxygen  and  hydrogen  of  the  water  which  dissolves  the  salt.  In  the  case  of 
sulphate  of  potassium,  for   example,  the   sum  of  the   two  heat  quantities  is 

equal  to 

16-7  caL  +  84-6  cal.  «  60*2  cal. 

when  1  gramme  of  hydrogen  is  liberated. 

As  1  volt  is  equivalent  to  23*2  calories,  the  minimum  electro-motive  force 

neceoary  to  decompose  sulphate  of  potash  will  be,  according  to  the  above  law, 

2*16  volte.    The  author  experimentally  found  2*20  volts,  or  51  calories. 
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M.  Le  Blanc  bj  another  process  obtained  2*20  volta  The  above  deductions 
are  strictly  applicable  to  all  alkaline  salts,  so  long  as  there  exists  no  oxidising  or 
reducing  action  at  the  poles. 

The  anthor  also  experimented  with  haloid  salts,  and  obtained  very  varying 
figures  for  the  different  salts. 

for  chloride  of  potassium,  the  values  46*7  calories,  or  2*01  volts,  are  obtained  by 
calculation. 

By  experiment  the  author  in  1682  found  1*98  volts ;  M.  Le  Blanc  in  1891, 
1*96  volts ;  M.  Nourisson  in  1894,  1*94  volts. 

For  bromide  of  potassium,  calculation  gives  40*8  calories,  or  1*74  volts. 

The  author  in  1882  experimentally  obtained  1*73  volts ;  M.  Le  Blanc  in 
1891, 1-60  volts:  M.  Nourisson  in  1894, 1*74  volts. 

For  iodide  of  potassium,  calculation  gives  values  26*9  calories,  or  1*16  volts. 

The  author  in  1882  experimentally  obtained  1*16  volts;  M.  Le  Blanc  in 
1891,  1*14  volts ;  M.  Nourisson  in  1894, 1*15  volts. 

From  these  results  and  many  others  it  is  seen  that  the  conicordance  between 
electrical  and  thermo-chemical  data,  with  reference  to  the  limits  of  electrolysis,  is 
very  satisfactory. 


AHON.— TESLA'S  METHOD   OF   COMPENSATING   FOB  THE 
SELF-INDUCTION  OF  A  COIL. 

{La  Lumiire  Electrique,  Vol.  61,  No,  9,  p.  432.) 

The  effects  due  to  self-induction  may  be  neutralised  by  suitably  adjusting  the 
capacity  of  the  circuit.  To  avoi^  using  auxiliary  condensers  Mr.  Tesla  devised  a 
method  of  winding  bobbins  which  would  give  them  a  capacity  of  their'  own.  As  is 
known,  the  self-induction  and  capacity  of  any  coil  will  compensate  one  another  at  a 
certain  frequency.  In  ordinary  coils  the  difference  of  potential  between  adjacent 
turns  is  very  small,  so  that  the  capacity  is  small  and  can  only  be  effective  at  high 
frequencies.  To  increase  this  capacity  Mr.  Tesla  so  winds  the  coil  that  the  differ- 
ence of  potential  between  the  turns  is  greater,  and  consequently  also  its  capacity 
for  storing  energy.  A  coil  wound  in  the  ordinary  manner  with  1,000  turns  for  100 
volts  has  one-tenth  of  a  volt  difference  of  potential  between  adjacent  turns. 

Mr.  Tesla  so  winds  the  coil  that  there  is  a  difference  of  potential  of  50  volts  be- 
tween adjacent  turns,  and  the  power  stored  in  the  coil  due  to  its  capacity  will  be 
250,000  times  greater  as  it  increases  with  the  square  of  the  potential  difference. 

This  83r8tem  also  offers  the  advantage  of  a  more  uniformly  distributed  capacity 
and  self-induction  in  the  coil. 


B.    SBMMOIA— A  FEW  EXPERIMENTS  ON  RADIOPHONT. 

(La  Lumtere  Ehctrique^  Vol.  61,  No.  13,  p,  615.) 

In  these  experiments  the  author  first  employed  an  Argy  microphone.    This 
consists  of  a  small  cylindrical  box  of  white  metal  3  oun.  deep,  with  an  internal 
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diameter  of  8  cm.  This  box  is  similar  in  appearance  to  those  nsed  in  aneroid 
barometers.  Three-quarters  of  the  space  inside  is  filled  up  with  prepared  carbon 
granules.  Through  each  end  of  the  box  passes  a  small  carbon  cylinder,  insulated 
from  the  metal  case,  and  making  contact  with  the  carbon  inside.  These  carbon 
cylinders  are  connected  to  the  telephone  circuit.  With  this  type  of  microphone  no 
induction  coil  is  used. 

The  following  experiments  were  then  made : — 

A  beam  of  sunlight  was  reflected  from  a  plane  mirror,  placed  outside  a  window, 
through  a  circular  aperture  10  cm.  diameter.  The  beam  of  light  then  passed 
through  a  biconvex  lens  placed  at  a  distance  of  8  metres  from  the  window ;  the 
diameter  of  the  lens  being  10  cm.,  and  its  focal  length  22  cnL  The  spot  of  light, 
being  really  the  sun's  image,  was  focused  on  the  microphone. 

A  cardboard  disc  with  eight  equidistant  holes  in  it  was  mounted  near  the 
window,  and  so  arranged  that  on  being  rotated  by  means  of  a  pedal  the  beam  of 
light  was  rendered  intermittent. 

The  author  calls  this  disc  the  interruptor,  which  was  placed  as  far  away  from 
the  microphone  as  possible,  in  order  to  diminish  all  sounds  in  its  vicinity. 

A  further  precaution  was  taken,  and  the  microphone  was  surrounded  by  a 
well-padded  box.  If  the  interruptor  be  rotated  slowly,  distinct  noises  will  be 
heard  in  the  telephone,  corresponding  to  the  nimiber  of  times  that  the  beam  of 
light  is  cut  o£f.  On  increasing  the  speed  of  the  disc  the  intensity  of  the  noise 
diminishes,  and  at  a  certain  speed  entirely  disappears.  It  was  hoped  that  at  this 
critical  speed  a  distinct  note  would  be  heard,  but  this  was  not  realised  with  the 
type  of  transmitter  in  use. 

The  sounds  produced  in  the  telephone  are  dependent  on  the  action  of  the 
thermal  rays  on  the  microphone. 

On  coating  the  surface  of  the  microphone  with  lampblack,  the  sounds  were 
greatly  increased.  On  the  other  hand,  when  the  beam  of  light  was  passed 
through  a  solution  of  alum,  or  a  layer  of  water,  the  sounds  altogether  disappeared. 

Experiments  were  made  to  prove  that  the  action  on  the  microphone  is  due  to 
vibrations  set  up  in  the  case,  due  to  heating  and  cooling,  and  that  these  vibrations 
are  then  transmitted  to  the  carbon  granules. 

A  Running's  transmitter  was  next  used,  with  which  veiy  marked  results  were 
obtained,  due  to  the  great  sensitiveness  of  this  type  of  transmitter. 

When  the  disc  was  rotated  to  give  100  interruptions  per  second,  the  noises  in 
the  telephone  disappeared,  and  a  distinct  note  was  heard ;  the  note  being  altered 
by  varying  the  speed  of  the  disc. 

The  author  has  not  yet  determined  which  of  the  thermal  waves  give  the  best 
results,  but  he  is  of  opinion  that  the  red  and  ultra-red  waves  do  so. 

In  the  above  experiments  it  is  necessary  to  carefully  focus  the  sim's  image, 
and  to  work  when  it  is  at  its  maximum  brilliancy.  It  is  also  advisable  not  to  allow 
the  microphone  to  get  hot,  or  its  sensitiveness  is  diminished. 
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The  Two  Hundred  and  Sixty-third  Ordinary  General  Meeting 
of  the  Institntion  was  held  at  the  Institution  of  Civil 
Engineers,  25,  G-reat  George  Street,  Westminster,  on 
Thursday  evening,  April  12th,  1894 — ^Mr.  R.  E.  Crompton, 
M.  Inst.  C.E.,  Vice-President,  in  the  Chair. 

The  minutes  of  the  Ordinary  General  Meeting  held  on  March 
29th  were  read  and  approved. 

The  names  of  new  candidates  for  election  into  the  Institution 
were  announced  and  ordered  to  be  suspended. 

The    following    transfers  were   announced  as  having    been 
approved  by  the  Council : — 

From  the  class  of  Associates  to  that  of  Members — 
Alfred  Samuel  Lloyd. 

From  the  class  of  Students  to  that  of  Associates- 
Arthur  George  Bird.  |      Arthur  B.  Bigby. 
Walter  E.  Toy. 

Mr.  Charles  Bright  and  Mr.  W.  S.  Rawlings  were  appointed 
scratineers  of  the  ballot  for  new  members. 
VOL.  xxm.  26 


362  A  UNIVERSAL  8HUNT  BOX  [April  21th, 

Donations  to  the  Library  were  announced  as  having  been 
received  since  the  last  meeting  from  Messrs.  Baudry  et  Cie.,  Mr. 
A.  Blondel,  Mr.  G.  Sartori ;  Lord  Kelvin,  Past-President ;  Mr.  T. 
C.  Martin,  Foreign  Member ;  Sir  H^  Mance,  Vice-President ;  and 
Sir  Charles  Todd,  Member;  to  all  of  whom  the  thanks  of  the 
meeting  were  imanimously  accorded. 

The  Chairman  :  Professor  Ayrton  has  an  addition  to  make  to 
the  paper  by  himself  and  Mr.  Mather  read  at  our  last  meeting  on 
**  A  Universal  Shunt  Box  -for  Galvanometers."  -  It  is  proposed 
before  the  discussion  proceeds  further  that  Professor  Ayrton 
should  read  that  addition. 

Professor  W.  E.  Ayrton,  F.R.S. :  Since  this  paper  was  read 
on  the  last  occasion,  there  have,  of  course,  been  criticisms  on  the 
new  method  we  propose  for  shunting.  One  of  the  criticisms,  if 
you  will  allow  me  to  say  so,  is  based  really  on  a  wrong  conception 
of  the  way  in  which  shunts  are  used.  The  objection  that  has 
been  made  is  this  :  In  Fig.  4  of  our  paper — which,  perhaps,  best 
illustrates  the  method  we  propose — the  largest  current  which 
passes  through  the  galvanometer  is  less  than  the  current  in  the 
mains.  When  you  move  the  main  M^  to  the  dotted  position 
(Fig.  4),  the  current  which  now  passes  through  the  galvanometer 
is  exactly  1-lOth  of  that  which  previously  passed,  but  not  1-lOth 
of  the  current  in  the  main  itself.  It  was,  therefore,  contended 
that  the  method  would  not  have  any  very  great  application. 
This  objection,  however,  would  only  be  a  valid  one  if  a  Thomson 
reflecting  galvanometer  was  an  instrument  of  invariable  sensi- 
bility, and  was  provided  with  a  direct-reading  scale  graduated  in 
microamperes ;  whereas,  as  you  all  know  perfectly  well,  owing  to 
the  change  of  the  astaticism  of  the  needles  from  day  to  day,  the 
change  of  the  position  of  the  controlling  magnet  and  of  iron  in 
the  neighbourhood,  "  the  constant "  of  a  Thomson  galvanometer 
has  to  be  taken  whenever  you  desire  to  use  the  instrument. 
Now  it  is  just  as  easy  to  take  **  the  constant "  with  a  resistance  r 
permanently  shunting  the  galvanometer  as  when  there  is  no 
such  shunt. 

Let  me  take  an  example — for  there  is  notliing  like  an  example 
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to  illustrate  one's  meaning.     There  were   two   currents   that   I  **'^^' 
wanted  to  compare :    one  was  a  current  of  1  microampere,  and 
the  other  was  a  current,  05,  the  value  of  which  I  desired  to  ascer- 
tain.    We  will  consider  the  use  of  our  universal  shunt  box  (Figs.  7 
and  8  in  the  accompanying  table)  first. 


Fio.  5. 


Fig.  6. 


Fio.  7. 


Fig.  8. 
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When  the  microampere  was  flowing  through  the  main  (Fig.  7), 
the  deflection  was  536'7.  Next  we  sent  the  current  a;,  the  value 
of  which  we  desired  to  determine,  through  the  mains ;  and,  as  the 
current  x  was  much  larger  than  the  first  current,  we  changed  the 
main  wire  from  the  end  of  r  to  a  point  situated  at  1-lOOth  r 
from  the  left-hand  end  (Fig.  8),  and  obtained  a  deflection  536'6 : 
then  we  knew  that  the  ratio  of  the  second  current  to  the  first  was 
536-6 


100  X 


536-7 


,  or  99*99,  so  that  the  second  current  was  99*99  micro- 


amperes. As  a  matter  of  fact,  the  true  relationship  of  these  two 
currents  was  exactly  100;  that  is  to  say,  the  circuits  were  so 
arranged  that  the  second  one,  aj,  was  exactly  100  times  the  first 
current,  quite  inde^jendently  of  the  accuracy  or  inaccuracy  of  the 
resistances  in  our  shunt  box.  Hence,  as  the  universal  shunt  box 
was  not  employed  at  all  in  arranging  these  two  currents,  the  ratio 
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coming  out  as  99*99  constituted  a  proof  of  the  accuracy  obtain- 
able by  using  our  new  form  of  shunt  box. 

Next  let  us  consider  the  ordinary  method.  In  the  ordinary 
method  of  comparing  these  two  currents,  we  sent  the  one  micro- 
ampere through  the  galvanometer  without  the  galvanometer 
being  shunted  at  all  (Fig.  5),  and  we  obtained  a  deflection  590*6. 
Next,  the  galvanometer  was  shunted  with  the  l-99th  shunt 
supplied  with  the  galvanometer — that  is,  with  a  shunt  which  was 
supposed  to  have  a  resistance  the  l-99th  of  the  resistance  of  the 
galvanometer — and  the  deflection  then  obtained  was  588*4. 
Hence    the    ratio    of    the    second    current    to    the    firat    was 

100  X  tqTt^,  or  the  current  x  was  99*63  jnicroamperes. 

Now  this  specimen  of  the  ordinary  form  of  shunt  that  we 
employed  is  wound  with  copper  like  the  galvanometer  itself,  and 
was  very  carefully  adjusted  by  a  good  instrument  maker  when 
originally  constructed  at  the  same  time  as  the  galvanometer. 
Further,  it  is  screwed  down  close  to  the  galvanometer,  and  has 
been  in  the  fixed  position  close  to  the  galvanometer  not  only  for 
months,  but  I  may  say  for  years,  in  a  basement  room  where 
the  temperature  does  not  vary  very  much ;  still,  the  test  of  the 
ratio  of  two  currents  made  with  this  galvanometer,  using  the 
shunts  supplied  with  it,  was  not  so  accurate  as  the  comparison  of 
the  same  two  currents  when  using  our  shunt  box,  although  this 
new  shunt  box  was  constructed  without  any  reference  whatever 
to  this  particular  galvanometer — ^in  fact,  the  coils  were  wound 
by  a  person  who  had  neither  seen  the  galvanometer  nor  knew 
anything  about  its  resistance. 

It  is  important,  also,  to  notice  that  the  apparent  ratio  of  these 
two  currents,  as  obtained  with  the  ordinary  shunt,  being  99*63, 
while  the  true  ratio  was  exactly  100,  could  not  possibly  have  been 
due  to  any  want  of  proportionality  between  the  deflection  of  the 
galvanometer  and  the  current  producing  it.  For,  as  the  current 
X  was  made  exactly  100  times  the  first  current,  it  follows  that,  if 
the  resistance  of  the  shunt  had  been  exactly  l-99th  of  that  of  the 
galvanometer,  the  two  defiections  must  have  been  equal,  whatever 
^uaB  the  law  conTiecting  the  deflection  of  the  gatvaruymeter  and  the 
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current.    Indeed,  it  was  to  avoid  any  error  being  introduced  by  ProieaMr 
the  calibration  of  the  galvanometer  not  being  a  straight  line 
that  we  employed  two  currents,  one  of  them  exactly  100  times 
the  other,  and  the  l-99th  shimt. 

The  error  of  0*4  per  cent,  in  the  comparison  of  these  currents 
gives  an  idea  of  the  sort  of  error  that  occurs  even  under  the  Tnost 
favouraJble  conditions  when  using  an  ordinary  shunt  box.  Had, 
however,  the  galvanometer  been  usually  kept  in  one  room,  and 
the  ordinary  shunt  box  in  another,  before  the  test  was  made,  it  is 
probable  that  the  error  would  have  been  much  greater  than  0*4  per 
cent.,  no  matter  how  accurately  the  resistance  of  the  shimt  box  had 
been  originalljr  adjusted  by  the  maker  when  it  was  constructed. 

Let  us  go  a  step  further.  All  the  uses  of  an  ordinary  reflecting 
galvanometer  acre  either  to  measure  two  currents  or  to  measure 
two  rushes  of  electricity.  In  comparing  two  resistances,  or  two 
E.M.F.'s,  or  whatever  the  galvanometer  may  be  used  for,  the 
deflections  either  measure  two  currents  or  two  rushes  of  electricity 
in  the  mains.  Let  us,  then,  consider  the  comparison  of  the 
capacities  of  two  condensers,  and  in  this  case  I  will  take  the 
ordinary  method  first. 

A  condenser  of  one-third  microfarad  capacity  first  was  charged 
and  discharged  through  the  galvanometer  unshunted  (Fig.  5),  and 
an  instantaneous  deflection  of  637  divisions  was  observed.  Next,  a 
larger  condenser  of  capacity  x  was  charged  with  the  same  E.M.F., 
and  discharged  through  the  same  galvanometer  shunted  with 
the  ordinary  l-99th  shunt  (Fig.  6),  and  an  instantaneous  deflec- 
tion of  633  scale  divisions  was  obtained.     The  apparent  ratio  of 

633 

the  second  capacity  to  the  first  was  therefore  100  x  ^^,  or  99*38. 

As  a  matter  of  feet,  the  second  cajMicity  was  actually  greater  than 
100  times  the  first,  the  true  ratio  being  103*45. 

Now  it  is  stated  in  the  criticism  I  am  referring  to  that 
ordinary  shunts  have  a  **  definite  damping  constant."  I  am  not 
quite  sure  what  that  means ;  but  if  it  means  that  the  same 
correction  has  to  be  applied  in  all  cases,  it  is  wrong.  For  after 
moving  the  controlling  magnet  from  the  position  it  had  at  first 
into  a  new  position  further  up,  so  as  to  diminish  the  controlling 
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»J^f  force,  the  same  experiments  Were  repeated  with  the  same  conden- 
sers, using  the  same  ordinary  l-99th  shunt  as  before :  then  the 
instantaneous  deflections  were  629"l  and  578*1,  as  given  in  the 
table.  Consequently  the  apparent  ratio  of  the  capacities  was 
91*87.  Not  only,  then,  are  both  these  results  wrong,  but  they 
are  not  wrong  by  anything  like  the  same  percentages.  The  first 
ratio,  being  99*38  instead  of  103*45,  is  about  4  per  cent,  wrong ; 
while  the  second  ratio  of  the  capacities,  91*87,  obtained  with  the 
new  position  of  the  controlling  magnet,  is  about  12  per  cent, 
wrong. 

Now,  using  our  shunt — which,  as  I  say,  was  not  constructed 
for  this  particular  galvanometer,  nor  were  the  coils  wound  by  a 
person  who  had  even  seen  the  gah^anometer,  or  knew  anything 
about  its  resistance — the  same  two  condensers  were  compared  first 
with  the  controlling  magnets  down,  and  the  actual  instantaneous 
deflections  were  575*5   and   595*3,  giving  a  ratio  of  the  second 

595*3 
capacity  to  the  first  equal  to  100  x  -,  or  103*5 ;  next  with 

the  controlling  magnet  up,  when  the  swings  were  559  and  581*3, 

corresponding  with  a  ratio  of  the  second  capacity  to  the  first  equal 

581*3 
to  100  X     -,Q,  or    104,  which  is   practically  the  same  as   the 

former  value,  103*5. 

Therefore  these  t^  results  are  not  only  practically  the  same 
but  they  are  both  right,  and  no  correction  whatever  has  to  be 
applied.  You  have,-  therefore,  a  much  more  easy  and  accurate 
method  of  comparing  two  capacities  with  our  shunt  than  with  the 
ordinary  shunt. 

Mr.  Hockin's  mathematical  analysis  clearly  showed  years  ago 
that  the  error  in  comparing  capacities  with  an  ordinary  shunt 
depended  upon  the  position  of  the  controlling  magnet,  and 
therefore  the  correction  which  had  to  be  applied  with  one  position 
of  the  controlling  magnet  was  quite  different  from  the  correction 
necessary  when  the  controlling  magnet  had  a  different  position. 
But  I  doubt  whether  this  fact  is  generally  recognised. 

This  great  difference  between  the  apparent  ratio  of  the 
capacities  obtained  with  the  ordinary  shunt  and  the  true  ratio  did 
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not  arise  from  the  galvanometer  that  we  employed  being  Pro?e«>r 
unsuited  for  ballistic  work,  for,  as  a  matter  of  &ct,  it  was  specially 
constructed  for  use  as  a  ballistic  galvanometer,  and  had  a 
logarithmic  decrement  of  only  0*053  when  we  used  it — a  value 
which,  as  those  who  are  familiar  with  ballistic  galvanometers  will 
realise,  is  not  at  all  large  for  a  galvanometer  employed  for  the 
relative  comparison  of  capacities.  The  great  discrepancy  arose 
from  the  great  damping  that  was  introduced  on  applying  the 
ordinary  l-99th  shunt,  and  which,  unless  a  special  correction  were 
applied  (depending  on  the  position  of  the  controlling  magnet), 
led  to  an  error  of  about  4  per  cent,  even  in  the  most  &vourable 
case,  when  the  controlling  magnet  was  in  its  lowest  possible 
position  and  produced  its  greatest  controlling  force. 

I  think,  then,  we  are  justified  in  saying  that  the  proposed 
method  of  constructing  a  shunt  box  is  more  universal^  and  gives 
much  more  accurate  results  than  a  shunt  which  is  specially 
prepai'ed  for  a  particular  galvanometer. 

Now  how  about  the  price?      Well,  we  have  obtained  an 
estimate  of  the  price  for  making  shunts,  and  the  results  are  very 
interesting.    The  following  is  the  rough  specification  we  sent  out 
in  order  to  obtain  estimates  :-— 
"  Four  Separate  Estimates  to  be  Supplied  for  Constructing 
"No.  1. — Ordinary  shunt  box  for  a  galvanometer  of  1,000 
"ohms,  the  shunt  consisting  of  three  coils  of  1*111 
"  ohms,  10' 10  ohms,  and  100*1  ohms  respectively. 
"  5fo.  2.— A  shunt  box  containing  three  coils  of  10  ohms, 

"  90  ohms,  and  900  ohms  respectively. 
"  No.  3. — A  shunt  box  containing  three  coils  of  100  ohms, 

"  900  ohms,  and  9,000  ohms  respectively. 
"  No.  4. — A  dhunt  box  containing  three  coils  of  1,000  ohms, 
"  9,000  ohms,  and  90,000  ohms  respectively. 
*^  Each  coil  to  be  adjusted  in  each  case  to  an  accuracy  of  1-lOth 
"  per  cent. 

*•  All  the  coils  to  be  of  the  same  material — German  silver, 
"  platinoid,  manganin,  or  whatever  wire  you  prefer;  name  of  wire 
"  to  be  stated. 

"  Each  box  to  be  complete,  with  two  plugs,  similar  finish,  &c.** 
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And  the  following  are  the  quotations : — For  constructing  the 
shunt  boxes  Nos.  1  and  4  the  price  is  £4  5s.  each,  and  for  Nos. 
2  and  3  £3  1 5s.  each ;  so  that  a  universal  shunt  box  with  the 
total  resistance  of  100,000  ohms  costs  no  more  than  an  ordinary 
shunt  box  for  a  galvanometer  of  only  1,000  ohms  resistance, 
while  a  universal  shunt  box  with  a  total  resistance  of  10,000 
ohms  costs  actually  less,  the  difference  in  price  arising  from  the 
extra  cost  of  the  wire  being  more  than  compensated  for  by  the 
saving  of  labour  in  adjustment. 

Consequently,  as  a  10,000-ohm  universal  shunt  is  quite  high 
enough  for  a  galvanometer  of  about  1,000  ohms  resistance,  we 
may  say  that  the  new  method  of  construction  not  only  enables 
the  same  shimt  box  to  be  used  with  galvanometers  of  very 
different  resistances,  and  with  an  accuracy  greater  than  can  be 
obtained  with  a  shunt  box  specially  constructed  in  the  ordinary 
way  for  each  particular  galvanometer,  but  actually  costs  less  than 
such  a  special  shunt  box. 

Mr.  Charles  Bright:  There  is  one  disadvantage  which 
occurs  in  Messrs.  Ayrton  and  Mather's  arrangement  of  galvanometer 
shunts,  and  that  is,  the  feature  of  having  a  certain  fixed  resistance 
permanently  in  parallel  with  the  galvanometer.  By  this  means 
the  advantage  attained  by  using  a  very  sensitive  Thomson 
reflecting  galvanometer  must  to  a  great  extent  be  lost.  In 
practice  it  is  often  important  to  obtain  the  most  sensitive  astatic 
suspension  possible  when  testing  very  high  resistances,  whether 
in  the  form  of  the  dielectric  resistance  of  quite  short  lengths  of 
experimental  core  or  otherwise.  In  such  a  case  it  is  highly 
desirable  to  have  not  only  an  appreciable  deflection  for  purposes 
of  accuracy  in  results — and,  for  the  same  reason,  as  near  as  possible 
to  the  same  part  of  the  scale  as  obtained  with  the  "  constant,"  or 
known,  resistance— but  also  for  the  purpose  of  securing  a  means  of 
observing  what  sort  of  electrification  (polarisation  or  absorption) 
is  taking  place,  whether  regular  in  its  rate  of  decrease  or  other- 
wise. If  this  highly  sensitive  system  is  then  even  lightly 
shunted,  this  object  must  be  to  a  great  extent  defeated.  Such 
tests  are  naturally  of  daily  occurrence,  both  at  cable  works  and 
experimental  laboratories;  and  the  galvanometer  is,  of  course, 
always  used  without  any  shunt  whatever  where  possible. 
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[^Communicated.'] — It  is  only  in  comparatively  rough  tests  that  Mr.  Brighu 
shunts  with  resistances  bearing  certain  known  fixed  proportions 
to  the  resistance  of  the  particular  galvanometer  in  use  are  ever 
employed.  The  custom  has  been  to  use  an  ordinary  box  of  variable 
resistances,  and  firom  this  insert  whatever  shunt  is  required  to  give 
the  desired  deflection,  afterwards  applying  its  particular  multiply- 
ing power.  The  **  universal  shunt,"  however,  which  Professor 
Ayrton  has  brought  before  us  appears  in  this  connection  to  have  a 
great  "  field "  of  usefulness  in  that,  whatever  its  resistance  be,  it 
can  be  used  with  a  galvanometer  of  any  resistance  and  yet  serve 
the  purposes  of  a  shunt  iiHthout  any  calculations,  and  without  even 
a  knowledge  of  the  resistance  of  the  galvanometer  being  necessary. 

Major  Cardew's  method  of  using  an  electrometer  for  testing 
very  high  resistances,  such  as  the  dielectric  of  samples  of  covered 
wire,  is  applicable  for  tests  in  which  only  a  rough  idea  of  the 
resistance  is  required.  Being  a  "  diflference  of  potential "  test 
only,  by  this  method,  however,  the  electrification  and  general 
behaviour  of  the  material  under  a  given  E.M.F.  cannot  be 
observed,  and  therefore  it  is  not  so  searching  a  test  as  the 
ordinary  deflection  method  by  the  Thomson  galvanometer. 

Professor  Ayrton  :  Mr.  Bright  is  perfectly  correct.  In  the  Profweor 
case  where  the  current  to  be  measured  is  so  extremely  small  that 
to  detect  it  at  all  borders  on  the  limits  of  the  possible,  it  is 
certainly  better  to  have  no  shunt  at  all  to  your  galvanometer,  or 
to  make  the  value  of  r  very  large  indeed.  If  you  use,  for  example, 
a  universal  shunt  having  a  resistance  of  100,000  ohms,  that  will 
be  pretty  large  compared  with  the  resistance  of  the  galvanometer 
itself,  which,  say,  is  3,000  or  4,000  ohms ;  and  in  that  case  the 
maximum  deflection  would  only  be  diminished  by  3  or  4  per  cent, 
by  having  the  galvanometer  permanently  shunted  with  100,000 
ohms.  Still,  you  are  quite  right :  if  the  current  is  so  exceedingly 
small  that  you  can  hardly  detect  it,  you  had  better  remove  the 
shunt  altogether.  That,  however,  is  very  exceptional.  With  the 
delicate  galvanometers  of  the  present  day,  and  using  a  fair  number 
of  cells,  in  testing  the  insulation  of  a  condenser  or  the  resistance 
of  a  piece  of  gutta-percha  cable,  you  are  generally  not  measuring 
currents  bordering  on  the  limits  of  the  power  of  the  galvanometer ; 
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and  in  that  case,  if  the  resistance  r  be  fairly  high  compared  with 
that  of  the  galvanometer,  then  I  do  not  see  any  objection 
whatever  to  ha\dng  your  galvanometer  permanently  shunted  by  a 
resistance  r. 

The  Chairman  :  We  will  now  resume  the  discussion  on  the 
paper  by  Professor  Ayrton  and  Mr.  Whitehead  on  "The  Best 
'<  Resistance  for  the  Receiving  Instrument  on  a  Leaky  Telegraph 
'<Line." 

Mr.  W.  P.  Granville:  Professor  Ayrton  and  Mr.  Whitehead  at 
our  last  meeting  laid  down  the  following  rule :  Jhat  the  best  resist- 
ance for  a  receiving  instrument  should  equal  that  of  the  line  as 
measured  at  that  end,  with  the  distant  end  to  earth.  May  I 
suggest  the  following  slight  addition  ?  The  measurement  to  be 
made  with  a  duration  of  contact  approximately  equal  to  the 
duration  of  contact  used  in  signalling.  This  is  specially  im- 
portant in  the  case  of  submarine  cables,  and  on  land  lines  if  the 
speed  of  working  is  great,  for  it  is  clear  that  what  we  want  to 
kifow  is  the  combined  resistance,  not  as  measured  after  one 
minute,  but  as  measured  after  a  small  fraction  of  a  second,  so  as 
.to  represeiit  the  signalling  conditions. 

In  submarine  cables  the  dielectric  resistance  increases  very 
rapidly  during  the  first  minute  of  contact  with  the  battery ;  so 
that  it  is  evident  that  at  the  first  moment  of  contact,  as  in 
signalling,  the  dielectric  resistance  may  be  even  less  than  that 
of  the  conductor.  It  seems,  therefore,  that  some  such  addition 
as  that  suggested  might  be  of  use. 

Professor  D.  E.  Hughes  :  I  should  like  to  express  my  great 
pleasure  in  seeing  a  telegraph  paper  here.  It  is  so  long  since  we 
have  had  one  that  it  is  quite  a  treat  to  see  one  again.  I  have 
already  told  my  friend  Professor  Ayrton  that  I  do  not  quite  like 
the  title  of  his  paper,  "  The  Best  Resistance  for  the  Receiving 
"  Instrument  on  a  Leaky  Telegraph  Line."  I  think  it  might  mis- 
lead anyone  who  does  not  understand  what  that  really  means. 
The  best  resistance  evidently  would  be  none  at  all.  What  we 
want  is  conductivity ;  we  want  the  least  resistance  possible  in  an 
electro-magnet,  provided  we  can  get  it  to  do  what  we  want.  I 
think  the  test  that  has  been  made  by  Professor  Ayrton  has  been 
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made  in  the  steady  period  of  the  current.     All  tests  with  electro-  Prof< 

•^   ^  Hughi 

magnets  should  be  made  under  the  conditions  for  which  they  are 
used.  I  made  a  special  study  of  this  many  years  ago  for  my 
printing  instrument  in  1860.  The  law  then  was  considered 
general ;  in  fact,  up  to  this  date,  the  law  was  that  the  resistance 
of  the  receiving  magnet  should  be  equal  to  that  of  the  line.  My 
first  magnets  were  so  constructed ;  but  I  always  doubted  this  law, 
and  I  made  a  special  course  of  experiments  to  see  whether  this 
law  was  correct  for  telegraph  lines.  I  found  very  soon  that  the 
self-induction  of  the  magnet  imiuced  an  apparent  resistance,  and 
if  I  worked  it  by  rapid  contacts  the  resistance  of  the  magnet 
would  become  enormously  great.  I  will  not  go  through  these  long 
series  of  experiments  with  an  electro-magnet  designed  for  a  line  - 
of  500  miles.  The  result,  however,  is  that  I  have  found  it  best 
under  all  conditions  of  losses  to  have  the  electro-magnet  one-foiuth 
of  the  resistance  of  the  line.  If  the  resistance  of  the  line  is  very 
low,  through  great  losses,  we  can  do  with  still  less — l-16th.  The 
electro-magnets  for  my  telegraph  instrument  were  constructed  in 
accordance  with  this.  For  a  line  of  1,000  miles  I  had  1^250  ohms 
resistance;  and  this  was  so  arranged  that  we  could  pass  the 
current  through  the-  two  coils  in  series  or  parallel,  so  that  they 
could  use  it  as  1,250  ohms  or  312'5  only.  There  were  very  rare 
conditions  in  which  the  312  ohms  resistance  would  not  act  just  as 
well  as  the  1,250.  With  the  resistance  of  5,000  ohms  electro- 
magnet for  a  5,000-ohm  line,  the  resistance  of  the  magnet  was 
entirely  too  great;  and  if  we  add  the  resistance  induced  by 
self-induction  of  the  magnet,  the  resistance  became  very  great. 
I  am  perfectly  convinced  that  in  all  receiving  instruments 
throughout  Europe  the  resistance  of  the  electro-magnets  of 
telegraph  Trelays  and  instruments  are  all  too  high.  The  principle 
which  I  have  adopted  in  my  instrument,  and  which  I  have 
always  tried  to  follow,  is  to  reduce  the  resistance  as  much  as 
possible.  I  have  experimented  on  lines  of  1,000  miles.  These 
experiments  were  not  laboratory  experiments,  but  experiments 
which  have  been  watched  for  months  and  months  to  see  the 
effects  on  each  line.  I  have  never  met  a  case  where  a  large 
resistance,  equal  to  that  of  the  line,  would  work  as  well  as  an 
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profeMor     electro-maimet  whose  resistance  was  one-fourth  of  the  line.     I 

HugheB. 

think,  therefore,  it  is  a  great  mistake  to  have  too  high  a  resist- 
ance in  the  magnet.    The  tendency  of  Professor  Ayrton's  results 
would  be  to  lower  the  resistance  of  the  magnet,  and  would  be 
following  very  much  the  same  course  as  I  have  done;   but  we 
must  not  construct  electro-magnets  altogether  for  a  bad  line. 
There  are  times,  fortunately,  when  the  lines  are  good.     It  used 
to  be  very  rare,  but  now  it  is  the  general  thing.    In  the  olden 
times  we  were  very  glad  if  we  could  get  through  any  signals  at 
all,  as  the  losses  were  so  great'  through  want  of  insulation. 
When  we  design  a  telegraph  instrument  electro-magnet  we  can- 
not state  any  given  line  for  use  for  the  electro-magnet,  as  they 
are  all  constructed  on  a  given  model,  and  those  models  are  used 
indifferently  all  over  the  country.     One  works  at  500    miles, 
another  at  300,  and  another  at  200,  and  one  even  on  a  very  short 
circuit.    The  maker  never  knows  where  his  instruments  go,  and 
therefore  the  maker  or  the  inventor  must  try  to  find  out  what  is 
the  average  length  of  the  line  that  the  instrument  is  to  be  used 
on,  as  well  as  the  average  condition  of  the  line.    He  must  take  all 
these  things  into  consideration,  and  he  must  design  his  electro- 
magnet to  meet  the  average  condition  of  the  line.     If  it  will  work 
perfect  in  a  medium  condition,  it  will  probably  go  when  it  is  bad, 
and  it  will  be  sure  to  go  when  it  is  good;   if  designed  only 
for  a  good  line,  it  will  certainly  not  go  when  it  is  bad.     Looking 
at  all  these  points,  as  I  have  already  said,  I  found  the  low  re- 
sistance, within  a  certain  limit,  312  ohms  for  a  1,000-mile  line,  to 
be  the  best ;    provided    the    electro-magnet    is  well  designed, 
polarised  by  a  permanent  magnet,  sensitive  to  the  smallest  cur- 
rent, with  a  long  range  of  adjustment,  and  its  armature  very  light, 
so  as  to  have  as  little  inertia  as  possible.     On  the  line  we  not  only 
are  troubled  with  losses  alone ;  and  if  we  experiment  with  a  Active 
line  in  a  laboratory,  making  false  losses  alone,  we  do  not  get  all 
the  conditions  of  an  actual  line,  for  we  have  on  lines  mutual 
induction,  induced  currents,  earth  currents,  &c.    Then  sometimes 
we  have  a  remarkable  state  of  affairs,  which  I  have  noticed  only 
in  Southern  countries.     In  England  we  have  losses,  induction,  and 
earth  currents ;  but  when  you  get  to  Spain  and  Turkey,  and  hot 
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countries,  even  if  the  line  is  perfectly  insulated,  and  you  are  ProfesMr 
using  rapid  instruments,  there  will  be  a  sudden  jerk,  or  sudden 
current — ^not  an  earth  current :  it  is  not  prolonged,  but  a  rapid 
single  momentary  current  every  few  minutes,  sufficient  to  reverse 
or  greatly  weaken  the  signal  you  are  sending.  These  are  caused 
by  atmospheric  influences.  This  momentary  current  is  so  short 
and  rapid  that  if  you  put  a  steady  galvanometer  on  the  line  you 
do  not  observe  any  fluctuation,  but  all  rapid  signalling  is  stopped 
or  signals  falsified.  It  has  been  noticed  by  M.  Baudot  in  Paris, 
as  well  as  by  myself,  that  all  rapid  instruments  suffer  from  these 
conditions.  Therefore  when  we  design  an  electro-magnet  we  have 
to  take  into  account  an  enormous  number  of  conditions.  One  of 
the  earliest  conditions  we  used  to  work  upon  in  the  laboratory 
was  to  spread  a  great  many  losses  over  a  Active  line,  as  Professor 
Ayrton  has  done,  and  I  came  very  much  to  the  same  conclusion 
that  he  has.  I  would  ask  Professor  Ayrton  what  resistance  he 
would  choose  for  a  5,000-ohm  line.  The  paper  is  not  very  clear 
as  regards  that.  I  think,  however,  if  he  were  to  go  over  312  ohms 
he  would  make  it  a  little  too  high.  I  have  to  congratulate 
Professor  Ayrton  on  giving  us  this  paper,  and  bringing  the  subject 
of  telegraphing  back  again,  thereby  giving  us  the  opportunity  of 
discussing  this  subject. 

Professor  Ayrton  (in  reply)  :  I  am  sorry,  after  the  telegraphists  profesMr 

Ayrton. 

have  so  often  said  in  this  room  that  their  interests  were  neglected, 
and  that  a  telegraphic  paper  was  never  read,  that  this  paper  has 
not  elicited  more  remarks.  If  the  telegraphists  would  only  come 
and  say  that  the  paper  was  wrong,  it  would  at  any  rate  show  that 
they  still  took  an  interest  in  the  meetings  of  this  Society.  I 
certainly  did  hope  that  this  paper  might  have  attracted  some  of 
the  telegraph  section  of  our  Society. 

Of  course,  in  presenting  this  paper,  Mr.  Whitehead  and  I  do 
not  wish  it  to  be  supposed  that  after  a  long  practice  of  telegraphy 
people  have  not  arrived  at  some  sort  of  notion  as  to  what  is  the 
best  resistance  to  give  to  the  receiving  instruments.  Indeed, 
the  late  Mr.  Schwendler,  22  years  ago,  when  I  was  his  assistant, 
published  a  rule  that  the  resistance  of  a  telegraph  relay  should 
be  equal  to  five-eighths  of  the  true  resistance  of  the  line  wire. 
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ProfesBor  That  did  not  mean  the  resistance  of  the  line  tested  in  the  way 
we  have  described  in  our  paper,  but  the  true  resistance  of  the 
wire  neglecting  all  leakage.  That  rule  was  obtained  by  taking 
a  mean  of  what  would  be  the  best  resistance  of  the  relay,  first,  if 
the  line  were  perfectly  insulated,  and,  secondly,  if  there  were  a 
dead  earth  in  the  middle  of  it.  From  those  two  comparatively 
easy  considerations  Mr.  Schwendler  arrived  at  the  conclusion  that 
the  best  resistance  of  a  telegraph  relay  should  be  five-eighths  of 
the  true  wire  resistance.  His  rule  would  give  the  same  result  as 
we  have  arrived  at  in  certain  cases;  but  when  a  line  is  badly 
insulated,  our  conclusion  will  lead  to  a  less  resistance  being 
adopted  for  the  relay  than  five-eighths  of  the  true  wire  resistance 
of  the  line  neglecting  leakage.  I  am  not  aware,  however,  that 
this  problem  has  ever  before  been  examined  mathematically  in  a 
perfectly  general  form,  so  that  the  solution  would  be  applicable 
to  any  line  with  any  distribution  of  leakage  along  it.  A  step 
was  made  some  18  months  ago  towards  the  solution  of  this  by 
Mr.  Everett,  an  associate  of  this  Institution,  then  a  student  of 
mine.  It  was  not,  however,  until  last  autumn  that  Mr.  White- 
head and  I  saw  how  to  attack  this  problem  in  a  perfectly  general 
way ;  and  it  is  this  general  mathematical  solution,  and  the 
extremely  easy  rule  that  it  leads  to,  that  forms  the  subject  of  this 
paper.  As  Professor  Hughes  has  remarked,  the  title  is  perhaps 
a  little  misleading.  It  might  appear,  perhaps,  as  if  a  telegraph 
instrument  would  be  better  if  it  had  a  certain  resistance  than  if 
its  coils  were  wound  with  wire  of  infinite  conductivity.  Of  course, 
what  is  meant  is  that  while  resistance  per  se  is  a  bad  thing,  a 
number  of  convolutions  in  an  electro-magnet  is  a  good  thing. 
As,  however,  with  any  material  with  which  we  are  acquainted 
you  cannot  obtain  convolutions  without  resistance,  there  is  a 
certain  resistance  which  is  best  for  a  galvanometer  or  a  telegraph 
receiving  instrument  depending  on  the  particular  conditions 
existing.  And,  as  we  have  shown,  the  best  resistance  for  a 
receiving  instrument  is  in  all  cases  equal  to  the  api)arent  resist- 
ance of  the  line  as  tested  from  the  receiving  end  and  put  to 
earth  at  the  sending  end. 

It  has  been  asked.  What  is  the  good  of  obtaining  a  rule  for  the 


1894.]  DISCUSSION.  876 

resistance  of  the  receiving  instrument  which  depends  on  the  ProfesMr 

Ayrton. 

insulation  of  the  line ;  for  the  insulation  of  the  line  changes  from 
day  to  day,  and  you  cannot  be  perpetually  altering  the  resistance 
of  your  receiving  instruments  ?  The  answer  is,  of  course,  this : 
When  the  line  is  in  good  order  and  the  insulation  is  high,  there 
is  no  difficulty  in  signalling,  and  it  is  only  wHen  the  insulation  is 
low — because,  for  example,  it  is  raining  all  along  the  line— that 
trouble  occurs.  Therefore  I  think  that  it  is  best  to  adapt  the 
resistance  of  the  receiving  instrument  to  suit  the  line  in  its  most 
leaky  normal  condition — that  is,  when  the  insulation  is  lowest 
without  there  existing  any  temporary  fault  that  can  be 
removed. 

Professor  Hughes  asked  what  resistimce  I  should  give  the  in- 
strument if  the  resistance  of  the  line  was  5,000  ohms.  If  the 
wire  itself  had  5,000  ohms,  I  cannot  answer  the  question,  because 
the  answer  depends  on  the  insulation  also. 

Professor  Hughes:  2,000;  the  wire  is  5,000,  but  the  loss 
makes  it  2,000. 

Professor  Ayrton  :  I  think  in  that  case  you  would  find  a 
resistance  a  good  deal  higher  than  300  ohms  would  be  good  for 
the  relay.  That  certainly  is  the  conclusion  we  came  to  experi- 
mentally in  India.  The  officials  are  intelligent  there,  and  they 
do  not  put  instruments  happy-go-lucky  on  the  lines.  They  make 
the  resistance  of  the  receiving  instrument  suit  a  particular  line, 
and  they  do  not  construct  instruments  of  the  same  average 
resistance  and  send  them  out,  so  that  a  line  50  miles  long  has  the 
same  type  of  instrument  as  a  line  working  direct  from  Calcutta  to 
Bombay,  which  is  as  far  as  from  here  to  St.  Petersburg :  in  that 
case  the  relay  has  several  thousands  of  ohms.  In  1872  we  found 
it  better  to  increase  the  resistance,  for  we  were  then  suffering  in 
India  from  the  relays  having  much  too  low  resistance;  but 
Professor  Hughes  appears  to  have  been  suffering  from  too  high  a 
resistance.  I  think,  perhaps,  that  the  difficulty  met  with  in  hot 
countries,  to  which  Professor  Hughes  has  alluded,  may  arise  from 
the  discharge  of  the  line  acting  as  condenser.  Twenty  years  ago 
we  had  a  great  deal  of  trouble  in  India  from  that  same  cause. 
If  the  line  is  long  and  the  insulation  is  high,  the  wire  becomes 
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a  very  fair  condenser,  and  you  get  a  return  signal  from  the 
discharge  of  the  line. 

Professor  Hughes  :  It  was  during  continuous  work.  There 
were  interruptions  every  few  minutes  or  so. 

Professor  Ayrton  :  If  the  trouble  had  arisen  from  the  capacity 
effects  of  the  line,  ft  would  have  occurred  more  frequently  than 
every  few  minutes.  We  found  that  this  discharge  from  the  line 
interfered  with  rapid  signalling  on  the  long  lines  in  India,  which, 
of  coiu-se,  like  Spain,  is  a  hot  country ;  but  this  difficulty  was 
overcome  by  having  a  resistance  permanently  shunting  the  relay. 

The  following  papers  were  then  read : — 

TRANSPARENT  CONDUCTING  SCREENS  FOR  ELECTRIC 
AND  OTHER  APPARATUS. 

By  W.  E.  AYRTON,  F.R.S.,  Past-President,  and  T.  Mather, 

Associate. 

It  is  well  known  that  electrostatic  instruments  require  to  be 
screened  from  outside  electric  disturbance,  in  order  that  their 
indications  may  be  correct ;  but  it  is  not  so  generally  recognised 
that  instruments  intended  to  measure  small  forces,  such  as  certain 
types  of  dedro-^magTietic  voltmeters,  delicate  vacuum  gauges,  &c., 
are  liable  to  give  wrong  readings  from  an  electric  attraction  being 
exerted  on  the  pointer,  such  as  is  produced  by  the  glass  cover 
when  it  is  touched  or  cleaned. 

There  is  on  the  table  here  a  well-known  type  of  gravity 
electro^magnetic  voltmeter,  which  may  be  found  on  the  switch- 
boards of  many  English  and  Continental  electric  light  stations. 
At  the  present  moment  its  terminals  are  not  connected  with  the 
electric  light  mains  of  the  building,  so  that  it  should  indicate 
zero  pressure.  Let  me,  however,  but  stroke  the  right-hand  side 
of  the  glass  cover  with  my  finger,  and  the  pointer,  as  you  see, 
at  once  turns  to  80  volts  or  more.  Conversely,  let  the  terminals 
of  the  voltmeter  be  connected  with  the  electric  light  mains  :  the 
pointer  should  point  to  about  100  volts,  for  that,  as  you  know, 
is  the  pressure  supplied  by  the  Westminster  Company.     The 
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voltmeter  appears  to  be  indicating  correctly,  but,  on  stroking  the  Profeaor 
left-hand  side  of  the  glass  cover,  the  pressure,  as  read  by  the  and  Mr. 
instrument,  appears  to  suddenly  fall  to  some  40  volts.     And  a 
similar  effect  is  produced  if  a  piece  of  wash-leather  or  dry  waste 
be  used  in  place  of  the  finger. 

If,  then,  it  is  possible  to  cause  this  instrument  to  indicate  at 
will  60  or  80  volts  too  high  or  too  low,  how  impossible  must 
it  be  or  feel  sure  that  the  glass  cover — ^which  is,  of  course, 
maintained  in  a  dry  condition  in  a  hot  engine  room — ^has  not 
been  electrified  by  some  accidental  touch  of  the  doat  sleeve 
sufficiently  to  cause  an  error  of  3  or  4  per  cent,  in  the  reading 
of  this  voltmeter ! 

We  find  that  it  is  not  merely  with  this  particular  type  of 
voltmeter  that  an  error  can  be  produced  by  stroking  or  rubbing 
the  glass  cover,  for  other  electro-magnetic  instruments  that  we 
have  tried  can  also  have  their  pointers  deflected  in  the  same  way, 
but  not  to  the  same  extent. 

Nor,  of  course,  is  this  source  of  error  in  any  way  connected 
with  a  voltmeter  being  an  instrument  constructed  to  measure  an 
electrical  magnitude,  for  it  would  equally  exist  if  the  glass  were 
clean  and  dry  and  the  controlling  force  remained  of  the  same 
magnitude,  no  matter  what  was  the  quantity  the  instrument  was 
constructed  to  measure.  For  example,  on  the  table  there  is  a 
vacuum  gauge  the  wheel-sector-pinion  of  which  has  been  replaced 
with  an  Ayrton-Perry  magnifying  spring.  This  gauge  is,  no 
doubt,  very  sensitive,  for  you  observe  that  the  pointer  moves 
even  when  I  produce  an  extremely  sUght  diminution  of  pressure 
by  rotating  the  short  length  of  india-rubber  tube  as  slowly  as  I 
can ;  the  change  of  pressure  on  pinching  the  tube,  or  even  on 
dropping  it,  is  indicated  by  the  pointer.  On  the  other  hand,  the 
pointer  is  of  glass,  and  therefore  is  not  suitable  for  being  acted  on 
by  an  electrostatic  force ;  still,  a  stroke  on  the  glass  cover,  as  you 
see,  causes  the  pointer  to  deflect  through  several  degrees. 

It  has  been  known  for  a  long  time  that  it  is  possible  to  screen 
an  instrument  from  such  outside  electrostatic  disturbances  by 
surrounding  it  with  a  metallic  cage  composed  of  wire  or  of  strips 
of  tinfoil.    Such  a  method  of  screening,  however,  has  the  great 
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Profeiwor     disadvantage  that  it  renders  it  difficult  to  observe  the  exact 

Ayrton  ° 

HAt^T  position  of  the  pointer  from  a  distance,  for  the  wires  or  strips  of 
tinfoil  cover  up  the  pointer  more  or  less.  We  therefore  thought 
of  placing  the  pointer  underneath  the  metallic  dial  of  our  electro- 
static voltmeters,  and  of  only  allowing  the  tip  to  project  through 
a  slot  in  the  dial  plate.  But  this  method  we  abandoned  on 
trying  it  eighteen  months  ago,  for  to  make  the  screening  good 
the  visible  part  of  the  pointer  must  be  reduced  to  a  spot,  and 
the  exact  position  of  this  spot  we  found  less  easy  to  read  at -a 
distance  of  several  feet  than  that  of  a  long  black  line,  which  is  the 
appearance  of  a  pointer  when  it  is  visible  along  its  whole  length. 
This  method  of  screening  has,  however,  we  understand,  been 
recently  adopted  by  a  firm  of  instrument  makers. 

We  next  considered  whether  it  was  not  possible  to  make  a 
perfectly  transparent  conducting  screen,  so  that,  while  the 
electrostatic  screening  of  the  pointer  should  be  practically  perfect, 
the  pointer  and  dial  should  be  as  easily  seen  as  if  the  screen  were 
not  present.  Our  first  idea  was  to  make  the  glass  cover  double, 
and  to  insert  between  the  two  sheets  of  glass  a  layer  of  clear  con- 
ducting liquid.  Fearing,  however,  trouble  from  leakage  of  the 
liquid,  or  from  the  liquid  becoming  gradually  turbid  and  giving 
the  dial  a  dirty  appearance,  we  turned  our  attention  to  depositing 
films  of  solid  matter  on  the  inside  of  the  glass  cover,  or  shade,  of 
sufficient  thinness  to  be  practically  transparent,  but  with  the 
solid  particles  near  enough  together  to  be  conducting.  We  tried 
smoke,  silver  deposited  in  layers  of  various  thicknesses,  mercury 
vaporised  and  deposited,  sal-ammoniac  vaporised  and  deposited^ 
&c.,  but  we  were  quite  unable  to  obtain  in  this  way  both 
transparency  and  electric  conduction. 

After  a  conversation  with  Professor  Boys,  when  discussing  the 
problem  that  we  were  then  engaged  in  solving,  we  conmienced 
experimenting  on  varnishes,  with  the  view  of  arriving  at  a  varnish 
which  should  be  as  hard  and  as  transparent  as  clear  shellac,  but 
which,  instead  of  being  an  insulator  like  shellac,  should  be  a 
sufficiently  good  conductor  to  allow  of  the  instantaneous  produc- 
tion of  an  induced  electric  charge  to  balance  the  electrostatio 
action  of  any  outside  body.     Glass  plates  were  coated  with  gum^ 
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with  coaguline,  with  the  gelatinous  electrolyte  used  in  accumu-  profewor 
lators  (composed  of  sodium  silicate  and  dilute  sulphuric  acid),  »idMr. 
with  isinglass  dissolved  in  acetic  acid,  with  gelatine  dissolved  in 
acetic  acid,  with  isinglass  dissolved  in  a  mixture  of  acetic  and 
sulphuric  acids,  and  with  gelatine  dissolved  in  the  same  mixture. 
After  much  experimenting,  we  arrived  at  the  following  two 
methods  of  coating  a  glass  cover,  or  shade,  which  gives  perfectly 
satisfiMstory  results : — 

No.  1. — Dissolve  ^  ounce  of  transparent  gelatine  in  1  ounce  of 
glacial  acetic  acid  by  heating  them  together  in  a  water  bath  at 
100^  C.  To  this  solution  add  half  the  volume  of  dilute  sulphuric 
acid  which  has  been  prepared  by  mixing  1  part  of  strong  acid  with 
8  of  distilled  water  by  volume,  and  apply  the  mixture  while  still 
warm  to  the  glass  shade,  which  should  be  previously  polished  and 
be  warm.  When  this  film  has  become  very  nearly  hard,  apply 
over  it  a  coating  of  GriflBth's  anti-sulphuric  enamel. 

Method  No.  2. — Thin  the  gelatine  solution,  prepared  in  the 
manner  previously  described,  by  the  addition  of  acetic  acid  (say 
2  volumes  of  acid  to  1  of  the  solution),  and,  after  polishing  the 
glass,  float  this  thinned  solution  over  the  glass  cold.  Drive  off 
the  excess  of  acetic  acid  by  warming,  allow  the  glass  to  cool,  and 
repeat  the  floating  process,  say,  twice.  Thin  the  anti-sulphuric 
enamel  by  the  addition  of  ether,  and  float  it  over  the  gelatine 
layer  applied  as  just  described.  Expel  the  ether  by  heating,  and 
apply  a  second  layer  of  this  thinned  anti-sulphuric  enamel. 

With  experience,  such  as  Messrs.  Elliott  and  Messrs.  Paul 
have  at  length  acquired  after  much  practice,  a  layer  can  be 
applied,  either  according  to  method  No.  1  or  No.  2,  so  that, 
when  finished,  it  is  quite  hard  to  the  touch,  and  so  transparent 
that  it  is  only  by  looking  at  the  glass  plate  obliquely  that  the 
presence  of  the  varnish  can  be  detected.  It  is  also  so  conducting 
that  when  a  P.D.  of  several  thousand  volts,  alternating  with  a 
frequency  of  200*,  is  set  up  between  the  needle  and  inductors  of 

*  The  frcqaency  is  mentioned  because  a  film  might  be  a  sufficiently  good  con- 
ductor to  screen  the  action  of  a  steady  electric  charge,  and  yet  not  conduct  nearly 
well  enough  to  prevent  the  attraction  between  two  oppositely  electrified  bodies 
whose  charges  were  both  reversed  simultaneously  400  times  a  second. 
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Prof««or     one  of  our  electrostatic  voltmeters,  the  pointer,  which  is  metali- 
jnd  Mr.       callj  part  of  the  needle,  is  not  visibly  attracted  by  a  metallic  rod 
held  just  outside  the  glass  close  to  the  pointer,  this  metallic  rod 
being  electrically  connected  with  the  stationary  inductors. 

Without  experience,  however,  it  is  somewhat  difficult  to 
apply  the  coating  so  that  it  is  not  either  cloudy,  or  a  com- 
paratively poor  electrostatic  screen,  or  both. 

This  second  electro-magnetic  voltmeter — ^which,  like  the  former, 
has  been  kindly  lent  us  by  Mr.  Barley,  of  the  Knight^bridge 
electric  light  central  station — looks  exactly  like  the  other  one,  and, 
indeed,  behaved  exactly  like  the  other  one  when  we  received  it. 
It  has,  however,  had  a  layer  of  our  transparent  varnish  applied  on 
the  inner  side  of  the  glass  subsequently,  and  you  will  find  that 
you  may  rub  the  glass  as  much  as  you  like,  or  even  hold  a  rubbed 
stick  of  ebonite  near  it,  without  producing  any  effect  on  the 
pointer. 

Again,  these  two  clear  glass  shades,  belonging  to  gold-leaf 
electroscopes,  are  one  of  them  coated  with  our  varnish,  and  the 
other  not.  Which  is  the  uncoated  one  is  at  once  apparent  from 
the  alteration  produced  in  the  deflection  of  the  gold  leaves  when 
I  approach  a  stick  of  rubbed  ebonite  near  the  lower  part  of  the 
glass  shade  of  the  uncoated  one,  for  no  such  change  in  the 
deflection  is  produced,  as  you  see,  when  the  ebonite  rod  is 
brought  near  the  glass  shade,  which  is  protected  by  a  layer  of 
this  varnish  applied  on  the  inside. 

AN   ASTATIC    STATION    VOLTMETER. 

By  W.  E.  Ayrton,  F.E.S.,  Past-President,  and  T.  Mather, 

Associate. 

The  rapid  development  of  electric  lighting  generating  stations 
during  the  past  three  years  has  resulted  in  a  greatly  increased 
perfection  in  the  regulation  of  the  pressure,  and  consequently  has 
created  a  need  for  measuring  instruments  of  much  greater  pre- 
cision than  was  previously  required.  At  the  same  time,  the 
powerful  dynamos  now  employed,  and  the  large  currents,  that  flow 
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through  the  maiDs  on  the  switch-boards  at  these  generating  PrpteMor 
stations,  has  greatly  increased  the  disturbing  influences  to  which  5JJ^ 
electro-magnetic  measuring  instruments  are  subjected.  Conse- 
quently, it  is  not  to  be  wondered  at  that  voltmeters  and  ammeters 
which  answered  fiurly  when  the  output  of  the  stations  was  small 
have  had  to  be  discarded  as  being  unsuitable  for  the  present 
requirements. 

The  authors  have,  therefore,  been  engaged  for  some  time  past 
in  developing  an  electro-magnetic  voltmeter  to  fulfil  the  following 
conditions : — 

r.  Be  unaffected  by  an  outside  magnetic  field,  whether 
uniform  or  not,  and  as  strong  as  the  disturbing 
magnetic  field  on  any  ordinary  central  station  switch- 
board. 

2.  Be  unaffected  by  an  outside  electrostatic  disturbance  such 

as  is  produced  on  rubbing  the   glass   front  of  the 
instrument. 

3.  Have  no  temperature  error. 

4.  Have  a  high  resistance,  so  as  to  measure  equally  accu- 

rately the  trite  pressure  at  the  end  of  long  thin  pilot 
wires,  or  in  the  station  itself. 

5.  Have  a  scale  of  large  radius,  and  one  very  open  at  the 

working  pressure,   so  that  a  small   change  in  the 
pressure  can  be  detected. 

6.  Be  dead  beat. 

Condition  No.  I  is  most  easily  fulfilled  by  employing  a 
powerful  stationary  permanent  magnet  and  a  moving  coil,  for 
such  an  arrangement  has  the  great  advantage  that  it  cannot 
indicate  a  pressure  unless  a  current  be  actually  flowing  through 
the  coil ;  whereas  soft  iron  and  other  types  of  voltmeters,  when 
placed  in  a  fairly  strong  magnetic  field,  may  have  the  pointer 
deflected  across  the  scale  when  no  current  whatever  is  passing 
through  the  instrument.  But  it  is  not  sufficient  to  merely 
employ  one  permanent  magnet  and  one  moving  coil,  as  is  proved 
by  the  fact,  which   is   probably  not   generally  known,  that   the 
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very  beautiful  Weston  voltmeter,*  in  spite  of  the  permanent 
magnet  being  strong  and  the  air  gaps  in  which  the  coil  moves 
being  extremely  small,  indicates  slightly  differently  when  put  in 
different  positions  in  a  magnetic  field  even  as  weak  as  that  of  the 
earth's,  the  change  in  the  reading  being  about  one-fifth  per  cent, 
when  the  instrument  is  placed  horizontally  and  turned  through 
an  angle  of  180  degrees  in  a  horizontal  plane.  This  voltmeter 
therefore  cannot,  of  course,  give  constant  indications  in  a 
varying  magnetic  field  50  or  100  times  as  strong  as  that  of  the 
earth's.  Now  Messrs.  Clark  &  Malpas  have  found,  by  experi- 
menting with  our  portable  magnetic  field  tester,  that  a  field  of 
20  O.G.S.  units,  or  one  rather  more  than  100  times  as  large  as 
that  due  to  the  earth,  is  the  sort  of  magnetic  disturbance  that 
occasionally  occurs  on  the  switch-boards  of  existing  central 
stations,  while  fields  of  six  C.G.S.  units — that  is,  30  times  the 
earth's  field — are  quite  common. 

If  the  coil  be  wound  astatically,  and  be  acted  on  by  two 
powerful  permanent  magnets  inside  the  voltmeter,  with  their 
poles  opiM>sitely  directed,  good  screening  can  be  obtained  finom  a 
uniform  disturbing  magnetic  field ;  but  errors  will  be  pro- 
duced if  the  disturbing  field  be  -non-uniform,  such  as  is  caused 
by  a  mass  of  iron,  or  by  a  conductor  carrying  a  current,  placed 
near  the  voltmeter.  We  have,  therefore,  carried  this  principle  of 
astaticism  further  by  employing  three  permanent  magnets  and  a 
coil  wound  in  three  parts,  as  shown  diagrammatically  in  Fig.  1, 
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Fig.  1. 
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*  Tests  made  from  month  to  month  of  the  sensibilitj  of  two  of  the  latest  form 
of  the  Weston  voltmeter  show  also  that  the  sensibility  slowly  increases.  This 
arises,  probably,  from  the  permanent  magnets  having  been  too  much  weakened 
before  these  instruments  were  originally  calibrated,  so  that  the  magnets  have 
inrre^/.s*e(/ their  strength  with  time.  These  two  instruments  now  read  l-S  per  cent, 
and  1*7  per  cent,  too  high  respectively,  after  allowing  for  the  fact  that  the  unit  P.D. 
employed  in  the  original  calibration  was  the  legal  volt,  and  not  the  **  Board  of 
*«  Trade  "  or  «♦  International  "  volt. 
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the  area  of  the  middle  coil  being  double  that  of  either  of  the  end  JJJj^"^ 
ones ;  and  in  this  way  we  have  obtained  an  arrangement  which  is  nluh^r 
comparatively  miaffected  by  either  a  uniform  or  a  non-uniform 
magnetic  disturbance. 

The  moving  coil  principle  also  enables  conditions  3  and  4  to  be 
fulfilled,  for  the  resistance  of  this  100-volt  instrument  is  about  7,000 
ohms ;  and  as  only  3  per  cent,  of  this  is  composed  of  copper  wire 
— viz.,  that  wound  on  the  moving  triple  coil — while  97  per  cent,  is 
of  manganin  wire,  indicated  by  the  stationary  coil  R  in  Figs.  2 
and.  3^  the  temperature  error  is  practically  negligible.  This  high 
resistance  also  causes  the  power  required  to  actuate  the  voltmeter 
to  be  very  small,  not  more  than  about  IJ  watts  being  absorbed 
at  100  volts  with  this  voltmeter. 

The*  control  is  produced  by  a  weight,  because  this  is  the 
method  of  exercising  a  controlling  force  that  is  least  likely  to  vary, 
and  because  the  objection  to  the  employment  of  a  gravity  control 
— that  the  voltmeter  cannot  be  used  in  any  position — ^is  of  no 
importance  in  the  case  of  a  switch-board  instrument. 

Fig.  2  shows  the  voltmeter  in  elevation,  while  Fig.  3  gives  a 
plan;  both  figures  being  drawn  partly  in  section,  so  that  the 
working  parts  may  be  more  clearly  seen.  The  triple  coil  Cj,  Cj, 
Ci  (Fig.  1),  turns  about  the  axis  C  and  passes  over  the  poles  of  the 
three  magnets,  if^,  Af„  if,  (FigL  3),  the  direction  of  the  winding 
being  such  as  to  cause  the  deflecting  forces  for  each  portion  of 
the  coil  to  be  in  the  same  direction.  The  current  is  led  up  to 
and  away  from  the  coil  by  very  thin  flexible  silver  strips  attached 
to  the  j)oints  of  the  stationary  pieces  w,  vf  (Fig.  3). 

Conditions  5  and  6  are  satisfied  by  specially  shaping  the  air 
gaps,  and  we  find  that  without  sacrificing  the  quickness  of  motion 
of  the  pointer  P  too  much,  we  can  flatten  the  calibration  curve  at 
the  working  part  of  the  scale  so  that  1-lOOth  part  of  a  volt 
variation  in  the  pressure  can  be  detected. 

A  bit  of  the  scale,  fvll  aizej  is  seen  in  Fig.  4,  and,  although 
large  and  bold,  an  additional  means  for  indicating  whether  the 
pressure  is  correct  or  not  is  provided  by  means  of  the  index  1 
(Fig.  2).  This  index  can  be  moved  and  set  at  any  desired 
position  by  turning  the  milled  head  J7,  which  actuates  a  crown 
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Profc«wr     wheel  segment,  Q,  carried  by  the  ring  to  which  the  arm  /  is 

MalheJ'       attached.     This  index  arm  is  coloured  Udcky  while  the  pointer  P 

and  the  arrow-head  at  the  lower  end  of  the  index  arm  are  coloured 


Fig.  2, 
Outside  diameter,  12  inches. 


Fio.  8. 
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red.  If  the  pressure  be  exactly  right,  the  black  index  arm  is  Profewor 
entirely  covered  by  the  red  pointer ;  whereas,  if  the  pressure  be  »nd  Mr. 
high  or  low,  black  is  seen  to  the  left  or  right  of  t|ie  pointer 
respectively.  An  attendant  can,  therefore,  see  from  a  distance  of 
many  yards  whether  the  pressure  has  exactly  the  desired  value, 
or  is  above  or  below  it.  The  same  milled  head  H  works  the 
arrangement  for  clamping  the  moving  parts  during  transport; 
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Fio.  4. 


but  this  clamping  device  is  so  arranged  that  the  moving  parts 
cannot  be  clamped  as  long  as  the  pointer  is  on  any  part  of  the 
f^praduated  scale ;  hence  there  is  no  risk  of  the  coil  and  pointer 
being  accidentally  clamped  while  the  voltmeter  is  screwed  up  to 
the  switch-board.  To  clamp  the  moving  parts  before  removing 
the  voltmeter,  take  out  the  two  side  screws  that  hold  the  volt- 
meter to  the  switch-board,  and  turn  the  instrument  around  the 
top  screw  until  the  pointer  is  deflected  to  the  left  of  the  graduated 
scale ;  then  turn  the  milled  head  so  as  to  bring  the  index  up  to 
the  pointer,  when  the  moving  parts  will  be  firmly  clamped. 

Lastly,  the  inside  of  the  glass  cover  is  coated  with  a  layer  of 
our  transparent  conducting  varnish,  described  in  the  previous 
paper  read  to-night,  and  the  instrument  is  thus  screened  from 
outside  electrostatic  action.  Hence  there  is  no  fear  of  a  change 
in  the  reading  being  produced  by  cleaning  the  glass — a  very 
serious  source  of  error,  which  is  not  unconmion  with  electro- 
magnetic voltmeters  in  actual  use  in  electric  light  central 
stations. 


»*  DIKTUSSIOX.  [Ajml  12th, 

Mr.  W.  3L  MoRDET  :  I  s^hooid  like  to  congratulate  the  authors 
on  the  feature  of  the  large  open  scale  of  this  instminent  at  a 
particular  part  of  the  t*cale.  I  think  that  a  most  important 
Ceatore  in  inffjjectional  in^tnunents.  I  ghonld  like  to  see 
in>tramentf»  for,  say,  100-volt  circuits  with  the  whole  of  the 
scale  occupied  by  the  range  firom  95  to  105.  Most  of  us  have 
repeatedly  tried  to  get  instruments  that  had  that  feature, 
but  not  with  much  :<uccess.  Instrument  makers,  as  a  rule, 
have  directed  their  energies  to  getting  [m>portionality  in  scales. 
Thii?  is  very  useful  in  some  cases  when  you  have  got  it ; 
but  it  i*i  a  very  much  more  important  thing  when  working, 
for  example,  with  a  fixed  or  only  slightly  varying  EJkl.F.,  as  one 
generally  is,  to  have  a  very  large  open  scale.  By  the  use  of  a 
lens  or  telescope  one  could  get  quite  as  good  a  reading  on 
that  instrument,  apjjarently,  as  with,  I  suppose,  a  much  more 
expensive  reflecting  instrument,  with  all  its  inconvenience  of 
lamp  and  scale,  and  so  on.  The  instrument  before  us  is  a 
permanent  magnetic  instrument,  and  only  suitable  for  direct 
currents;  but  we  should  like  to  have  the  same  features  in 
alternating-current  instruments — that  is,  in  voltmeters  for  the 
lower  pressures,  and  in  ammeters.  I  hope  that  the  authors  will 
piu-sue  their  labours  further,  and  in  that  direction.  I  must  also 
congratulate  the  authors  on  the  conducting  screen.  I  think  I 
was  i>erhai)s  the  first  to  draw  Professor  Ayrton's  attention  to  the 
necessity  for  something  of  the  sort,  or,  rather,  to  the  effects  that  it 
appears  to  prevent.  I  remember  he  kindly  asked  me  a  few  years 
ago,  when  the  first  Ayrton-Mather  electrostatic  instrument  was 
made,  to  go  to  South  Kensington  and  examine  it.  I  did  so,  and 
I  remember  that  on  that  occasion  he  acknowledged  that  he  was 
unacquainted  with  the  fact,  which  had  only  just  come  to  my 
knowledge,  that  a  disturbance  of  the  needle  might  arise  fi^m 
static  excitation  of  the  glass  front. 

As  regards  the  astatic  quality  of  the  instrument,  this  is  a 
matter  of  the  very  greatest  importance,  and  one  which  has  been 
almost  entirely  neglected  by  makers  of  instruments  intended  for 
ordinary  switch-board  use.  The  result  of  this  is  that  one  never 
can  dei)end  upon  getting  more  than  an  approximation  to  the  value 
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of  the  current  or  pressure.     With  the  large  currents  and  strong  Mr  Mordcy. 
fields  that  are  now  used,  I  feel  that  instrument  makers  will  have 
to  adopt  different  methods  from  those  now  generally  obtaining; 
and  I  regard  the  authors'  paper  as  an   excellent   example,   the 
bearing  of  which  I  hope  will  be  quickly  perceived  and  followed. 

Mr.  Crompton  :  The  phenomenon  described  by  Professor  Ayrton  MI^^ 
of  the  electrifjring  of  the  glass  of  these  instruments  is  well  known 
to  every  switch-board  man,  and  the  way  to  prevent  its  being  a 
nuisance  is  equally  well  known.  The  remedy  is  to  touch  the 
glass  with  the  finger  and  so  discharge  it.  No  inconvenience  has, 
to  my  knowledge,  ever  arisen  from  these  phenomena.  We  have 
looked  upon  them  as  interesting,  and  as  a  show  effect  to  astonish 
strangers.  I  do  not  think  Professor  Ayrton  would  have  got  the 
phenomena  marked  so  strongly  if  he  had  not  used  the  lamps  in 
front  of  the  instrument  to  warm  them  up,  and  if  he  had  not  had 
exceptionally  warm  and  dry  weather.  I  think  we  are  indebted  to 
Professor  Ayrton  for  showing  us  the  remedy. 

With  regard  to  his  other  paper,  I  am  so  placed  that  I  have 
not  been  able  tp  see  the  front  of  the  instruments,  and  can  only^ 
therefore,  speak  from  Professor  Ayrton's  description.  I  gather 
from  this  description  that  some  of  the  improvements  he  has 
mentioned  are  not  new.  Professor  Ayrton's  refinement  on  Mr. 
Weston's  instruments — i.e.,  of  using  three  moving  coils — is  no 
doubt  a  very  beautiful  and  effective  device,  but  I  should  think  it 
has  the  defect  of  being  excessively  costly.  This  is  shown  by  the 
price  that  is  now  charged  for  Mr.  Weston's  instruments ;  and  I 
should  judge  from  the  increased  number  of  coils  that  the  manu- 
facturing cost  of  the  present  instrument  would  be  still  higher. 
As  it  is  of  importance  that  instruments  that  are  used  in  a  con- 
siderable number  should  be  produced  and  sold  at  a  reasonable 
cost,  it  has  been  the  aim  of  most  of  us  manufacturers  to  produce 
a  practically  astatic  instrument  in  a  less  costly  manner  than  that 
proposed  by  the  author.  At  the  present  time  the  market  price 
of  voltmeters  is  from  £3  to  £4,  and  I  do  not  think  it  would  be 
possible  to  make  the  authors'  instrument  for  anything  like  this 
sum.  For  the  cheaper  instruments  I  mention,  the  practical 
method  most  commonly  employed  is  to  give  the  instrument  as 
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strong  a  field  as  possible,  and  use  very  small  soft  iron  deflecting 
pieces.  By  these  means  we  ensure  that  the  instrument  is  affected 
by  external  fields  to  such  a  small  extent  that  the  error  is  un- 
noticeable,  or  can  be  allowed  for.  A  common  practice  is  to 
provide  an  electric  generating  station  with  at  least  one  standard 
voltmeter  of  Sir  William  Thomson's  electrostatic  type,  or  of  the 
same  character,  and  provide  cheap  voltmeters  on  the  switch-board 
of  the  type  that  I  have  above  mentioned.  These  can  be  fi'om 
time  to  time  compared  with  the  standard  voltmeter  and  the 
difference  noted.  In  this  way  the  practical  observations  i^f  the 
E.M.F.  of  a  station  can  be  taken  correctly  within  half  a  per  cent., 
and  this  is  all  that  is  required.  As  a  constructor  of  these  instru- 
ments, I  wish  to  point  out  that  the  three  coils  used  by  Professor 
Ayrton  must  necessarily  make  the  moving  parts  somewhat  heavy, 
and  so  make  the  instrument  mechanically  more  sluggish  than  it 
would  be  if  these  parts  were  lighter.  With  regard  to  the  open 
scale  claimed  by  the  author,  I  may  say  at  once  that  this  is  no 
novelty.  Nearly  all  makers  of  these  instruments  nowadays  can, 
and  do,  make  open  scales  to  order.  It  is  quite  the  regular  thing 
to  have  voltmeters  specified  to  be  made  and  calibrated  so  that 
the  needle  hangs  exactly  vertical  at  the  standard  pressure,  and 
that  the  scale  has  an  open  reading  of  5  volts  on  each  side  of  this 
standard  pressure. 

Mr.  Mordey  has  said  that*  he  requires  an  equally  good  instru- 
ment for  alternating  currents;  I  think  he  will  find  no  ^difficulty 
in  getting  this  in  one  of  the  several  forms  of  electrostatic 
instruments  which  have  recently  been  perfected. 

In  bringing  forward  these  criticisms,  I  must  say  that,  as  far 
as  I  can  see.  Professor  Ayrton's  instrument  is  certainly  a  good 
one,  and  in  several  important  respects  is  a  decided  addition  to 
the  good  voltmeters  that  are  now  available. 

Prof.  Ayrton  :  Mr.  Crompton  rather  impUed  that  I  had  manu- 
factured a  defect  in  the  measuring  instrument,  and  then  shown 
you  how  to  get  over  it,  and  that  it  was  rather  a  feat  to  show  this 
defect  at  all.  But,  as  a  matter  of  fact,  this  electrostatic  error  in 
electro-magnetic  instruments  was  originally  brought  to  my  notice 

*hose  who  had  been  actually  troubled  by  it  in  practice.      Mr. 
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Mordey  has  told  you  how  he  was  the  first  to  warn  me,  some  years  Profeawr 
ago,  of  this  cause  of  vagueness  in  the  readings  of  these  instruments ; 
and  shortly  afterwards,  when  visiting  a  well-known  central  electric 
light  station  of  no  small  importance,  I  was  shown  a  row  of  instru- 
ments of  this  i)articular  type  which  could  not  be  trusted  to  give 
accurate  readings,  partly  because  the  pointers  were  deflected  when 
the  glass  fronts  were  cleaned.  T  believe  a  good  many  specimens 
of  this  particular  type  of  instrument  may  still  be  seen  on  the 
switch-board  of  central  stations,  discarded,  however,  because  their 
indications  are  untrustworthy. 

Mr.  Crompton  says  that  it  is  quite  easy  to  get  over  the  . 
diflSculty :  you  have  only  got  to  touch  the  glass  with  your  finger 
after  rubbing  it.  Now,  curiously  enough,  the  engineer  in  charge 
of  a  central  station  wrote  to  me  the  other  day,  "  I  find  that  earthing 
"  the  glass  with  the  fingers  after  rubbing  produced  more  marked 
"  eflfects  than  rubbing  only ;"  and  this  engineer  went  on  to  add — 
which  was,  however,  wrong  reasoning;  for  even  central  station 
engineers  sometimes  reason  wrongly — "  so  that  apparently  the 
"  front  of  the  glass  would  require  treatment  as  well  as  the  back." 
It  is  not  at  all  an  easy  matter  to  thoroughly  de-electrify  an  insulator 
by  simply  touching  it  with  your  finger.  It  is  well  known  that  by 
passing  a  glass  rod  through  a  spirit  lamp  after  it  has  been  rubbed 
you  can  de-electrify,  or  if  you  leave  it  to  itself  for  a  long  time  it 
will  become  discharged ;  but  simply  touching  it  is  by  no  means  a 
certain  method  of  thoroughly  discharging  it.  As  to  the  question 
of  warmth,  of  course  that  is  the  defect  of  central  stations — they 
cannot  keep  them  cool.  If  it  were  possible  not  to  waste  any  of  the 
heat,  and  to  keep  their  voltmeters  perfectly  cool,  it  is  possible 
that  this  electrostatic  defect  would  not  be  troublesome.  But  with 
so  much  waste  heat  the  temperature  is  by  no  means  low ;  and  as  a 
£gui  is  frequently  employed  to  continuously  drive  a  current  of  air 
through  the  engine  room,  the  instruments  are  kept  thoroughly 
dry,  day  after  day,  and  they  are  therefore  quite  as  dry,  if  not  even 
drier  than  those  on  the  table  with  the  glow  lamps  in  front  of 
them;  consequently  this  electrostatic  effect  cannot  help  being 
observed  if  the  glass  cover  be  fairly  clean  inside  and  out. 

As  to  the  clamping  device  used  in  our  astatic  station  voltmeter, 
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Pi^toBor  it  is  but  fair  to  ourselves  to  say  that  we  have  used  this  particular 
clamping  arrangement  in  connection  with  our  electrostatic  volt- 
meters— which  are  not  the  subject  of  this  paper — for  some  three  or 
four  years ;  therefore,  although  Mr.  Crompton  may  have  seen  this 
clamping  device  before,  it  is  only,  I  think,  on  our  own  instruments 
that  the  exact  arrangement  described  in  the  paper  could  have 
been  seen,  and  doubtless  he  has  forgotten  where  this  particular 
idea  originated. 

Mr.  Crompton  considers  that  the  use  of  a  moving  coil  with  a 
permanent  magnet  must  produce  a  sluggish  instnmient.  In 
answer  to  that,  I  may  say,  without  hesitation,  that  he  is  entirely 
mistaken;  because  it  is  well  known  that  you  can  increase  the 
force  on  a  coil  having  only  a  few  ampere-turns  to  any  amount  you 
like,  if  you  only  employ  a  sufficiently  ix)werful  stationary  magnet. 
A  proof  of  this  is  seen  from  the  fact  that  the  watts  absorbed  in 
our  astatic  instrument  exhibited  on  the  table  are  only  l^  at  100 
volts,  and  we  get  a  pretty  quick  motion  in  the  needle.  The  forces 
are  therefore  large.  It  was,  in  fact,  because  Mr.  Weston 
employed  a  moving  coil  and  a  powerful  permanent  magnet  that  he 
was  enabled  to  make  voltmeters  with  very  high  resistance.  No 
portable  voltmeter  was  ever  made  with  over  10,000  ohms  to 
measure  only  100  volts  until  Mr.  Weston  constructed  his  form. 

Mr.  Swinburne  :  He  has  made  one  of  100,000  ohms  with  100 
volts. 

Professor  Ayrton  :  Mr.  Swinburne  says  that  Mr.  Weston  has 
made  one  of  100,000  ohms  for  100  volts — a  portable  instrument. 
How  was  he  able  to  attain  that  result  ?  Simply  by  utilising  the 
principle  which  Maxwell  was  the  first  to  point  out,  and  which 
Lord  Kelvin  utilised  in  his  syphon  recorder  when  he  wanted  to 
obtain  a  large  electro-magnetic  effect  with  a  very  small  expenditure 
of  energy ;  the  principle  being  to  combine  a  large  powerful  station- 
ary magnet  with  a  small  moving  coil.  And  if  you  examine  the 
astatic  voltmeter  exhibited  on  the  table  you  will  see  that  the 
employment  of  the  Maxwell  principle  has  enabled  us  also  to 
combine  small  exi)enditure  of  energy  with  considerable  rapidity  of 
motion  of  the  pointer.  Although  we  use  a  gravity  control,  it  is 
not  produced  by  an  auxiliary  weight,  for  the  controlling  weight  is 
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simply  the  weight  of  the  triple  coil  itself;  and  in  that  way  we  do  rrof«»or 

,  ,  ,  A^Tton. 

not  increase  the  moment  of  mertia  ot  the  moving  system  by 
adding  minecessary  mass.  We  find,  as  is  stated  in  the  paper, 
that  with  only  3  per  cent,  of  the  whole  7,000  ohms  resistance 
woimd  on  the  triple  coil  we  can  obtain  sufficient  force  to  produce 
a  quick  motion  of  the  pointer  of  a  100- volt  instrument.  This 
triple  coil,  with  the  three  powerful  stationary  magnets,  gives  us 
three  times  the  deflecting  couple  that  would  be  obtained  with  one 
coil,  and,  as  there  is  only  one  pair  of  pivots,  we  do  not  have  three 
times  the  fidction. 

With  regard  to  Mr.  Crompton's  criticism  as  to  the  price  of  the 
instrument,  it  must  not  be  forgotten  that  the  Weston  instru- 
ments are  made  in  America,  and  American  workmen  are  paid 
twice  the  wages  that  workmen  are  paid  in  this  country,  these 
high  wages  being  possible  on  account  of  the  large  import  duty 
which  is  levied  on  goods  coming  into  America  fi*om  other 
countries.  We  must  not,  therefore,  jump  to  the  conclusion  that, 
because  the  Weston  instrument  is  a  very  expensive  one,  all 
instruments  which  use  moving  coils  must  necessarily  be  equally 
expensive. 

[^Communicated  April  ISth'] — At  the  meeting  on  Thursday 
last  Mr.  Crompton  suggested — 

Ist.  That  the  reason  why  I  was  able  to  produce  such  large 
deflections  of  the  pointer  of  the  voltmeter  by  rubbing  the  glass 
front  with  my  pocket  handkerchief  was  because  the  glass  had 
been  dried  in  an  exceptional  way  by  the  glow  lamp  which  I  had 
placed  in  front  of  the  instrument  to  enable  its  scale  to  be  easily 
seen  in  the  large  lecture  theatre  at  Great  George  Street. 

2nd.  That  if  the  glass  front  were  touched  with  the  finger  after 
being  rubbed,  no  error  on  the  reading  of  the  pointer  would  occur. 

3rd.  That  no  deflection  of  the  pointer  would  be  produced  if 
the  glass  were  rubbed  with  a  piece  of  oily  waste  (this  last 
suggestion  was  made  immediately  after  the  close  of  the  meeting). 

As  regards  criticism  No.  l,  the  glow  lamps  in  front  of  all  the 
instruments  were  switched  off  at  10  p.m.  Thursday  evening,  and 
all  the  wires  disconnected.  On  the  afternoon  of  the  following 
day,  however,  18  hours  after  the  glow  lamps  had  been  turned  off, 
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Professor  and  after  the  voltmeter  had  been  carried  back  to  my  laboratory,  a 
touch  on  the  glass  with  my  pocket  handkerchief  deflected  the 
pointer  at  once  from  0  to  120  volts,  where  it  stayed  for  some 
time,  neither  the  glass  nor  my  handkerchief  being  warmed  nor 
dried  in  any  way.    This  I  repeated  several  times. 

The  voltmeter  was  then  left  on  a  table  in  a  north  room  at  the 
Central  Technical  College,  no  part  of  this  building  having  been 
artifically  warmed  since  April  6th.  To-day,  April  18th,  after  four 
days  of  rain,  I  again  rubbed  the  glass  cover  with  my  pocket 
handkerchief,  which,  like  the  glass,  was  neither  warmed  nor  cGried. 
It  did  not  require  much  rubbing  to  deflect  the  pointer  from  0  to 
100  volts,  where  it  stayed  until  I  de-electrified  the  glass. 

As  regards  criticism  No.  2,  it  is  correct  that,  if  you  know  what 
is  the  position  at  which  the  pointer  of  the  voltmeter  ought  to 
stand,  it  is  possible,  by  judiciously  dabbing  the  glass  with  the 
finger  after  rubbing,  to  bring  the  pointer  to  its  correct  position ; 
but  if  you  do  not  know  what  is  the  true  unelectrified  position  of 
the  pointer,  it  is  quite  possible  to  leave  it  in  a  wrong  position  in 
spite  of  the  glass  being  touched  with  the  hand.  Indeed,  the 
engineer  in  charge  of  one  of  the  principal  London  central  stations 
wrote  to  me  the  other  day :  ^^  I  find  that  earthing  the  glass  with 
"  the  fingers  after  rubbing,  produced  more  marked  effects  than 
"  rubbing  only." 

As  regards  criticism  No.  3,  Mr.  Mather  and  I  dipped  a  piece 
of  ordinary  engine-room  waste  into  oil  and  rubbed  the  glass  cover 
of  the  voltmeter :  the  pointer  at  once  went  from  0  to  the  other 
end  of  the  scale,  where  it  stayed.  Continued  rubbing  with  the 
waste  appeared  to  de-electrify  the  glass,  but,  on  dipping  the 
waste  again  into  the  oil,  and  smearing  it  on  the  glass,  the 
pointer  was  again  deflected  exactly  as  if  the  glass  were  quite 
clean.    Neither  the  glass,  oil,  nor  waste  were  warmed  or  dried. 

This  idea  that  a  layer  of  oil  prevents  glass  from  being 
electrifi^  when  rubbed  is  a  common  mistake,  and  is  one  that  I 
was  myself  under  until  a  few  years  ago.  And  I  did  not  realise 
that  it  was  a  mistake  until  I  saw  Mrs.  Ayrton  experimenting  on 
the  action  produced  by  light  on  the  shi^  of  electrified  drops  of 
oil.    During  these  experiments  she  frequently  dipped  a  stick  of 
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sealing-wax  into  oil  and  rubbed  it  with  an  oily  piece  of  flannel,  ^J^^' 
and  she  noticed  incidentally  that  the  sealing-wax  was  in  this  way 
as  ^ksily,  if  not  more  easily,  electrified,  than  it  was  when  ic  and 
the  flannel  were  quite  clean. 

I  think,  however,  that  it  may  be  quite  possible  to  accidentally 
bring  glass  into  a  condition  such  that  it  cannot  temporarily  be 
electrified,  for  on  first  rubbing  a  glass  rod  with  a  piece  of  silk  it 
is  not  unusual  to  find  the  glass  negatively  electrified,  the  charge 
becoming  reversed  on  continued  rubbing.  Hence,  there  may  be 
an  intermediate  condition  of  the  glass  and  silk  when  no  electrifi- 
cation is  produced.  And  our  experiments  made  with  the  oily 
waste  appear  to  show  that  with  a  certain  thickness  of  the  layer  of 
oil  on  the  glass  it  is  in  this  intermediate  condition.  A  voltmeter, 
however,  ought  to  indicate,  without  doubt,  the  true  pressure 
between  the  mains,  and  the  dynamo  attendant  ought  not  to  have 
£rst  to  divine  it  in  some  way,  and  then  do  enough  rubbing  of  the 
glass  cover  with  his  oily  waste  to  make  the  instrument  indicate  it. 

In  bringing  the  matter  before  the  Institution  we  assumed, 
from  the  remarks  that  central  station  engineers  have  made  to  Mr. 
Mather  and  myself  during  the  past  four  years,  that  this  electro- 
static source  of  error  was  recognised  by  them,  and  had  been,  at 
any  rate,  one  of  the  reasons,  why  certain  types  of  voltmeters  on 
the  switch-boards  of  central  stations  had  come  to  be  regarded  as 
untrustworthy,  and  were,  therefore,  no  longer  used.  Our  object, 
therefore,  was  not  to  prove  that  this  cause  of  error  existed,  but  to 
illustrate  how  the  inner  side  of  the  glass  cover  could  be  coated  in 
a  comparatively  simple  way  with  a  transparent  conducting  varnish, 
so  that  whether  the  glass  were  hot  or  cold,  wet  or  dry,  oily  or  clean, 
no  attraction  of  the  pointer  could  be  produced  electrostatically. 

The  Chairman:  It  is  my  pleasant  duty  to  propose  a  vote  of  Mr. 
thanks  to  Professor  Ayrton,  Mr.  Whitehead,  and  Mr.  Mather,  for  ^"^™p*^"' 
the  four  papers  that  have  been  read  and  discussed  on  the  last 
occasion  and  this  evening.  I  think  we  should  pass  this  vote  of 
thanks  with  greater  pleasure  because  Professor  Ayrton  came 
forward  on  such  short  notice  with  these  papers,  and  filled  up  a 
most  awkward  gap  between  other  papers. 

The  motion  was  carried  by  acclamation. 
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ELECTIONS. 


[April  12th, 


The  Chairman  announced  that  the  following  candidates  had 
been  drdy  elected  : — 

Mefmbera: 

Henry  Robert  John  Burstall.    |      Alexander  William  Stewart. 


AsBOciaies: 


Howard  Tindall  Adlard. 
Malcolm  H.  Butcher. 
Charles  Langstone. 
J.  H.  Lee. 
Andreas  Peter  Lundberg. 


Gustaf  Charles  Lundberg. 
David  Mair. 
George  J.  T.  Parfitt. 
Frederick  William  Sedgwick. 
Thomas  Wright. 


Stttdents: 


T.  D.  Clothier. 
Dennis  H.  Felce. 
Herbert  G-rimwood. 
Frank  Tracy  Hamilton. 
Simon  L.  F.  McLauchlan. 


Alec  William  Quennell. 
Bernard  J.  Shillito. 
Frederick  S.  Spiers. 
Frank  Charles  Thomas. 
James  Toulmin. 


James  Edward  Salusbury  Trelawny. 
The  meeting  then  adjourned. 
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The  Two  Hundred  and  Sixty-fourth  Ordinary  General  Meeting  of 

the  Institution  was  held  at  the  Institution  of  Civil  Engineers, 

'  25,  Great  George  Street,  Westminster,  on  Thursday  evening, 

April  26th,  1894— Mr.  R.  E.  Crompton,  M.  Inst.*  C.E.,  Vice- 

President,  in  the  Chair. 

The  minutes  of  the  Ordinary  General  Meeting  of  April  12th 
were  read  and  approved. 

The  names  of  new  candidates  for  election  into  the  Institution 
were  announced  and  ordered  to  be  suspended. 

The    following    transfers    were    announced    as    having   been 
approved  by  the  Council : — 

From  the  class  of  Associates  to  that  of  Members — 
James  Hardie  McLean. 

From  the  class  of  Students  to  that  of  Associates — 
Leonard  Barlow.  Charles  Edmund  S.  Phillips. 


Cuthbert  W.  Barnes. 
J.  R.  Craddock. 
H.  J.  Edwards. 
J.  E.  Pierce. 


W.  M.  Rogerson. 
Arthur  Fox  Ward. 
Norman  Ward. 


Mr.  W.  H.   Handcock   and   Mr.  P.  Dawson   were   apix)inted 
scrutineers  of  the  ballot  for  new  members. 

The  Chairman  :  I  will  now  vacate  the  chair  in  order  to  read 
my  paper. 

Sir  David  Salomons,  V.P.,  occupied  the  chair    during   the 
remainder  of  the  evening. 
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COST   OF  ELECTRICAL  ENERGY. 
By  R.  E.  Crompton,  M.  Inst.  C.E.,  Vice-President. 
Jf'-    ,  I  address  this  paper  to  all  who  are  interested  in  electrical 

Orompton.  *^   * 

supply,  but  especially  to  the  engineers  who  design  and  who  work 
electrical  supply  plant.  It  is  almost  exactly  six  years  since  I 
read  a  paper  before  this  Institution*  on  this  subject,  and  three 
years  since  I  read  a  similar  paper  before  the  Institution  of 
Civil  Engineers.! 

I  should  be  glad  if  those  who  are  really  interested  in  the 
subject  would  find  time  to  glance  over  these  two  papers  after 
reading  the  present  one,  as  there  is  much  contained  in  them 
which  might  have  been  repeated  here  with  advantage  if  I  had  not 
feared  to  unduly  lengthen  the  paper. 

For  convenience  and  brevity  I  use  the  word  "  works  "  for  the 
whole  plant  of  an  electric  supply  company;  such  works  may 
have  several  generating  stations.  I  use  throughout  the  word 
"  energy  "  for  the  electrical  energy,  and  I  speak  of  the  two  well- 
known  systems  of  distribution  as  "direct"  or  "converted'' 
systems.  By  direct  systems  I  mean  all  two,  three,  or  other 
multiple  wire  systems,  with  or  without  storage,  in  which  the 
energy  is  supplied  direct  from  the  dynamos  to  the  mains,  and 
from  the  mains  to  the  users,  without  change  of  pressure.  I 
include  amongst  converted  systems  all  those  in  which  the  energy 
is  either  generated  at  a  high  pressure,  or  converted  up  to 
a  high  pressure  for  transmission  through  the  mains,  and  after- 
wards converted  to  the  lower  pressure  at  which  it  is  supplied 
to  the  users. 

In  this  paper  I  do  not  deal  with  works  using  water  power, 
but  solely  with  those  in  which  the  electrical  energy  is  obtained 
from  fuel. 

•  Jour,  Inst.  E.E,,  rol.  xvli.,  p.  349. 
t  Proc,  Inst.  C.E.f  roL  cri.,  p  2. 
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The  total  cost  to  the  user    may    be  grouped  under  four  Mr. 

_        -  o        Mr  Crompton. 

heads — 

Works  Cost ;  Maintenance ;  Management ;  Profit. 
These  may  be  conveniently  subdivided  into  12  sub-heads  or 
divisions,  as  follows  : — 

Table  I. 


ToCal   cost  I  to  cofistuner. 


PrvfU. 


rutL  Water  diuns.     Wages  Sufff  HiittHanbges3ufff  lXrecton3al4mu£xptn^     TSak  capital 
/  i.  3.  4.  5.         O.  7  g.  9  JO.  //.  tz. 

Of  these  12  heads  I  propose  to  deal  at  length  with  1  to  8 
only.  The  remaining  heads  of  Management  and  Profit  are 
outside  the  province  of  us  engineers,  except  in  one  important 
particular,  which  is  that  the  interest  or  profit  to  be  paid  on  the 
capital  employed  is  affected  by  the  choice  of  system  used,  and  by 
the  skill  of  the  designer  of  the  works,  so  that  it  is  necessary  for 
us  to  deal  with  it. 

Let  us  assume  that  our  ideal  works  are  designed  for  the  most 
economical  production  of  5,000,000  units  of  energy  per  annum, 
distributed  to  users  in  a  large  town  and  under  average  conditions. 
We  are  now  in  a  position  to  estimate  with  considerable  accuracy 
that  the  capital  required  for  the  preliminary  expenses,  for  obtain- 
ing the  requisite  Parliamentary  powers,  and  for  the  complete  equip- 
ment of  such  works  will  not  exceed  £500,000,  or  at  the  rate  of  2s. 
per  unit  sold  per  annum.  I  have  arrived  at  this  figure  after  con- 
siderable study  of  the  capital  account  of  existing  companies,  and 
of  works  carried  out  by  local  authorities,  and  I  find  that  it  is 
nearly  certain  that  several  existing  works  will  reach  this  figure  as 
soon  as  their  plant  is  completed  to  the  scale  intended,  and  worked 
to  the  full  output;  so  that,  if  we  consider  that  entirely  new 
works  could  now  be  certainly  carried  out  at  a  lower  cost  than 
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that  of  any  existing  works,  it  will  be  seen  that  my  estimate 
is  on  the  safe  side. 

Now  I  think  that  such  works  ought  to  be  able  to  include 
in  the  total  cost  to  the  consumer  such  a  sum  as  profit  as  will 
yield  7  per  cent,  per  annum  on  the  whole  of  the  loan  as  well  as 
subscribed  capital.  In  the  case  of  a  local  authority,  a  portion 
of  this  7  per  cent,  would  be  applied  to  paying  the  interest  and 
sinking  fund  on  the  original  loan,  and  the  remainder  would  be 
applied  as  a  profit  in  the  reduction  of  local  burdens  or  in  intro- 
ducing local  improvements ;  but  in  the  case  of  a  joint-stock 
company  this  capital  of  £500,000  might  advantageously  consist 
of  £200,000  in  ordinary  shares,  £100,000  in  6  percent,  preference 
stock,  and  £200,000  in  4  per  cent,  debenture  stock,  so  that  the 
average  of  7  per  cent,  on  the  whole  £500,000  might  be  divided 
up  as  follows : — 

4    per  cent,  on  debenture  stock      ...      £8,000 

6    per  cent,  on  preference  stock     ...         6,000 

10^  per  cent,  on  ordinary  stock        ...       21,000 

Total         £35,000 

This  sum  of  £35,000  is  equal  to  a  profit  of  r68d.  per  unit  sold. 
The  cost  of  managing  such  a  company  can  also  be  dismissed  in  a 
few  words.  Under  this  heading  it  is  convenient  to  group 
directors'  fees,  salaries  of  managing  staff  and  office,  meter 
readers,  collectors,  all  stationery,  law,  and  audit  charges,  rates, 
taxes,  and  insurance.  If  we  take  the  practice  of  the  best-managed 
works  as  a  guide,  we  find  that  about  £8,200  per  annum  is  sufficient 
to  cover  all  these  charges  for  the  largest  output  that  has  been 
yet  obtained.  It  is  eWdent  that  a  sum  of  £9,000  a  year  would 
be  an  ample  one  for  the  management  charge  on  the  output  of 
5,000,000  units.  This  management  charge  therefore  works  out  at 
0-42d.  a  unit. 

You  will  see,  then,  that  at  the  scale  of  working  that  we  are 
now  considering,  which  is  at  a  scale  of  output  certain  to  be 
reached  within  a  year  or  two  by  a  large  number  of  works,  the 
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management  and  profit  items,  taken  together,  should  amount  to  Mr. 
2' Id.  per  unit.  As  I  have  said  above,  we  engineers  have  nothing 
to  say  in  controlling  these  figures.  They  are  certain  to  be 
reached  in  course  of  a  few  years,  as  it  is  a  mere  question  of 
output.  The  question  which  I  now  propose  for  your  con- 
sideration is  this :  What  chance  have  we  of  reducing  the  present 
works  cost  and  maintenance  cost  included  in  the  sub-heads  1  to  8 
to  such  an  extent  that  the  energy  may  be  sold  to  the  pubUc  at, 
possibly,  the  low  figure  of  3d.  per  unit?  I  believe  that 
Mr.  Swinburne  has  stated  that  electrical  energy,  whenever 
the  demand  is  continuous,  such  as  for  certain  electrolytic  or 
electro  -  metallurgical  processes,  can  be  generated  and  dis- 
tributed to  short  distances  at  a  works  and  maintenance  cost  of 
|d.  a  unit.  I  believe  Mr.  Swinburne  has  good  grounds  for 
this  estimate,  if  cheap  fiiel  is  available.  But  for  our  present 
purpose,  which  chiefly  concerns  the  supply  of  electrical  energy 
used  largely  for  electric  lighting,  and  to  a  minor  degree  for 
power,  we  cannot  fix  such  a  low  figure  for  our  ideal  works  and 
maintenance  cost  for  the  future.  Mr.  Swinburne's  case  and  those 
which  we  are  now  considering  diflfer  so  widely.  We  can  hardly 
hope  for  many  years  to  come  to  improve  the  load-factors  of  works 
for  general  supply  much  above  20.  The  average  of  the  London 
stations  is  still  a  long  way  oflF  this  figure,  and  I  fear  that  the 
extensions  of  the  use  of  energy  for  power  and  purposes  other 
than  lighting  are  likely  to  go  on  for  some  yeturs  to  come  at  a  slow 
rate.  At  a  load-factor  of  20  you  must  remember  that  all  main- 
tenance charges  work  out  nearly  five  times  as  great  as  they  would 
be  if  the  output  was  continuous.  It  is  useless  to  put  before  you 
ideal  figures  which  we  cannot  hope  to  approach.  I  propose, 
instead,  to  adopt  figures  which  we  may  hope  to  reach  at  no  distant 
period,  and  have  therefore  prepared  those  given  on  Table  II., 
and  I  give  reasons  for  fixing  on  them  as  I  deal  with  each  sub- 
head in  turn. 
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Table  II. — Ideal  Standard  Works  Cost. 

Works  Cost— 

Coit  per  Unit  Sold.  d.  d. 

1.  Fuel— 2-6  Ibe.  Welah  coal  at  20a  0*27 

2.  Water OOl 

3.  Petty  ttores 0-02 

4.  Wages 0-10 

5.  Saperintendence       0-10 

Total  works  cost        05 

Maintenance— 

6.  Material  on  repairs 0*20 

7.  Wages  on  repairs      0*15 

8.  Saperintendence       0*05 

0-4 

9.) 

10.  y  Management 0*42 

11.  > 

12.  Profit 1*68 

3*00 
Working  expenses,  44  %  of  receipts. 

Fuel  and  Water. — ^Divs.  1  and  2.  —Fuel. 

I  agree  with  Professor  Kennedy  in  the  remarks  that  he 
made  on  my  paper  read  before  the  Institution  of  Civil  Engineers* 
that  the  importance  of  the  cost  of  the  fuel  used  on  electrical 
energy  supply  works  is  not  to  be  measured  merely  by  the  money 
spent  on  the  fuel  itself,  but  that  it  is  to  a  certain  extent  a 
measure  of  the  quantity  of  plant  that  must  be  employed,  and  so 
affects  the  cost  of  upkeep  of  the  plant,  and  to  some  extent  every 
cost  item,  except,  perhaps,  management  and  profit  items. 

At  a  very  early  stage  in  the  history  of  electrical  supply  works 
it  was  found  that  in  practice  the  amount  and  cost  of  the  fuel  used 
dififered  very  widely  from  the  amount  estimated  from  the  known 
efficiency  of  the  plant. 

In  1883  modem  engine  builders  were  making  engines  and- 
boilers  using  less  than  2^  lbs.  of  good  coal  per  I.H.P.,  and  the 
mechanical   efficiency   of  these  engines  was  certainly  not  less 
than  85  per  cent.    At  that  time  dynamos  could  be  made  of  85 
per  cent,  efficiency.     We  all  thought  that  our  distribution  losses 

♦  Proc.  Inst.  C.E.,  vol.  cvi.,  p.  2. 
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should  not  exceed  15  per  cent.;  so  that,  putting  these  figures  Mr. 
together,  we  were  justified  in  hoping  that  our  fuel  bill  would  not 
exceed  5^  lbs.  of  coal  per  unit  sold.  We  soon,  however,  found 
that  in  practice  we  could  not  approach  such  a  degree  of  economy ; 
so  that  the  opinions  of  practical  engineers  in  charge  of  supply 
works  rapidly  veered  round  to  the  opposite  extreme,  and  among 
these  gentlemen,  even  in  1888,  when  I  estimated  that  the  figure 
which  was  then  prevalent  of  about  24  lbs.  of  good  Welsh  coal 
used  per  unit  sold  might  in  the  future  be  reduced  to  5}  lbs.,  T 
met  with  much  incredulity.  At  so  late  a  date  as  that  of  my  paper 
before  the  Institution  of  Civil  Engineers  in  1891,*  Mr.  Raworth,  in 
the  course  of  discussion,  stated  that  to  his  knowledge  from  19  to 
22  lbs.  of  coal  was  commonly  being  used,  and  that  he  considered  the 
figures  I  then  gave— namely,  7*9  lbs.  for  the  Kensington  and 
6*5  lbs.  for  St.  James's  stations,  for  the  best  months  of  the  year — 
were  so  satisfactory  that  they  opened  up  a  prospect  of  a  new  era 
for  shareholders  in  those  companies.  I  am  glad  to  say  that 
since  that  date  improvement  has  been  very  regular ;  during  the 
past  year  we  have  several  times  seen  recorded  during  the  winter 
months — ^in  which,  of  course,  the  economy  of  fuel  is  at  its  best — a 
fuel  consumption  under  5  lbs.  of  Welsh  coal  per  unit  sold ;  so  that 
my  forecast,  made  six  years  ago,  has  already  been  more  than 
justified. 

I  have  arrived  at  my  new  possible  or  ideal  figure  of  2^  lbs. 
of  Welsh  coal  per  unit  sold  in  the  following  manner : — I  find  that 
we  can  in  London  count  on  obtaining  this  coal  having  an  average 
calorific  value  of  14,500  B.T.U.  per  lb.  With  proper  arrangements 
for  heating  the  feed  water  to  nearly  boiling  point  boilers  can  be 
obtained  which  will  evaporate  12  lbs.  of  water  at  our  working 
pressure  of  150  lbs.  I  think  that  the  losses  due  to  irregular 
working  and  banking  fires  can  be  so  minimised  that  2^  lbs.  may 
evaporate  25  lbs.  of  water  into  dry  steam — ^not  on  tests  only,  but 
as  shown  on  the  monthly  bills.  Condensing  steam  engines  can 
and  will  be  made  for  us  using  not  more  than  12  lbs.  of  steam 
at  firom  three-quarters  to  full  load,  or  13  lbs.  of  steam  at  from 
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half  to  three-quarters  load  per  I.H.P.  per  hour.  To  these 
engines  dynamos  can  be  coupled  direct  of  such  efficiency  that  the 
combination  will  not  use  more  than  18^  lbs.  to  20^  lbs.  of 
steam  per  unit  per  hour,  measured  at  the  dynamo  terminals  at 
the  corresponding  loads,  so  that  an  average  of  20  lbs.  per  unit 
generated  may  be  counted  on  during  the  time  that  these  engines 
are  actually  at  work.  This  allows  for  10  per  cent,  of  the  steam 
evaporated  being  condensed  in  the  pipes,  or  used  in  feed  pumps 
or  other  obscure  sources  of  loss,  and  a  further  10  per  cent,  for 
our  distribution  loss,  in  order  to  account  for  the  25  lbs.  of  water 
I  require  to  be  evaporated  by  the  boilers. 

It  appears  to  me  that  the  most  convenient  method  of  discuss- 
ing the  problem  of  reaching  these  ideal  figures  is  to  consider 
in  turn  the  fuel  that  we  use  and  the  boilers  and  other  steam- 
producing  apparatus,  the  engines  for  using  the  steam,  the 
dynamos  for  generating  the  energy,  and,  finally,  the  means  for 
distributing  the  energy  to  the  users — in  each  case  with  a  view 
of  locating  the  losses  that  now  take  place,  and  considering  the 
best  means  of  minimising  these  losses  as  far  as  may  be  possible. 

In  London  the  favourite  fuel  hitherto  used  in  electric  supply 
works  has  been  Welsh  coal  of  the  best  quality,  as  it  has  been  found 
that  the  cost  of  the  carriage  of  fuel  forms  such  a  large  part  of  its 
total  cost  when  delivered  on  to  the  works,  that  in  most  cases  it 
pays  best  to  use  nothing  but  fuel  of  the  highest  calorific  value. 
This  value  in  the  case  of  the  best  Welsh  coals  may  be  taken  at 
14,500  British  thermal  units ;  for,  although  values  as  high  as  16,700 
have  been  noted  in  the  case  of  Nixon's  and  a  few  other  Welsh  coals, 
yet  is  probable  that  these  exceptional  values  are  not  attained  on 
the  average,  even  from  coals  from  the  very  same  seam. 

As  our  ideal  figure  of  2  J  lbs.  therefore  contains  36,250  B.T.U., 
it  will  be  convenient,  for  purposes  of  comparison,  or  for  considering 
the  use  of  other  fuels,  to  point  out  that  2^  lbs.  of  Welsh  coal  is 
equal  to  36i  B.T.U.  per  watt-hour  of  the  energy  sold. 

Table  V.  gives  the  calorific  values  of  various  fuels,  determined 
by  Bryan,  Donkin,  &  Co.,  Limited,  arranged  in  the  order  of  their 
efficiency  when  used  in  a  Lancashire  boiler  fitted  with  Ferret's 
furnace. 
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Table   V. — Calorific   Values  of  varixma  Fudsj  determined  by  Mr. 

Crompton. 

Messrs.  Bryan,  Donkin  &  Co.y  Limited. 
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Evaporation 
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»»     
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Large 
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Small 
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House  (nnsorted) 


Welsh,  best     

Cheshire,  Orrel  Col.  Co. 

Welsh,  Ocean 

,,      Llanellj      

»»  M  
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Yorkshire,  Ravcnsworth 

London     

Welsh       
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Welsh       

London     „.     .. 

Welsh  (Ebbw)        
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London  


15,600 
14,500 
13,960 
13,840 
13,660 
13,660 
14,820 


11,630 
13,700 
10,610 
12,000 
11,200 
8,840 


10-0 
8-7 
7-9 
7-7 
7-7 
7-7 
7-6 
6-85 
6-78 
6-6 
6-35 
5-4 
6-4 
3-7 
3-32 
2  13 


2-4 
2-4 
8-5 
6-2 
6-6 
9-5 
10-6 

71 
129 

6-2 
19-6 

5-6 
200 
28-6 


% 
660 

64-0 

68-7 

67-0 

68-5 

68-5 

51-0 


58.0 
470 
52-6 
460 
338 


I  have  been  enabled,  through  the  kindness  of  Messrs. 
Bryan,  Donkin,  &  Co.,  to  avail  myself  of  these  figures,  which  show 
at  a  glance  the  (comparative)  value  of  Welsh  coal  as  compared  with 
other  steam  coals,  of  large  Welsh  as  compared  with  small  Welsh, 
of  small  anthracite,  large  and  small  coke,  and  coke  dust ;  and,  for 
the  information  of  those  who  ho^>e  for  great  things  from  the  use 
of  town  refuse  for  steam-raising  purposes,  I  give  at  the  foot  of 
this  table  Messrs,  Bryan  &  Donkin's  determination  of  its  value. 
The  Perret  furnaces  used  for  these  determinations  is  well  suited 
for  making  such  a  comparison,  as  it  burns  efficiently  all  classes 
of  fuel,  even  the  smaller  and  finely  divided  coals,  coal  dust,  coke 
breeze,  and  coke  dust,  and  in  these  cases  minimises  the  loss  of 
small  combustible,  which  is  liable  to  fall  through  the  grate  bars. 
The  results  shown  on  this  table  emphasise  the  fact  that  in 
practice  we  can  utilise  a  large  percentage  of  the  T.U.  in  such 
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fuels  as  anthracite,  Welsh  coal,  and  coke,  the  heating  power  of 
which  lies  chiefly  in  the  solid  carbon  which  they  contain;  and 
that  the  small  and  dust  fuels  of  the  same  class  are  only  less 
valuable  because  a  part  of  them  is  liable  to  fall  through  the  bars, 
and  because,  being  so  finely  divided,  they  usually  contain  more 
earthy  matter  to  form  clinker  and  ash  in  the  furnace  than  the 
larger  coals  or  cokes,  which  can  be  more  easily  hand-picked, 
sorted,  or  washed  free  from  such  impurities. 

The  very  large  class  of  steam  coals  used  in  the  Midlands  and 
North  is  only  represented  in  the  table  by  the  one  test  of  the 
Yorkshire  Ravensworth  coal,  but  the  majority  of  these  coals, 
whether  large  engine  coal,  nuts,  or  engine  slack,  only  contain 
from  50  to  70  per  cent,  of  carbon  in  the  solid  form ;  so  that, 
although,  on  account  of  the  T.U.  contained  in  the  combined 
carbon  and  in  the  hydrogen,  these  fuels,  when  tested  in  the 
calorimeter,  may  give  a  calorific  efficiency  approaching  that  of 
the  anthracite  and  Welsh  coals,  yet  we  find  very  rarely  that  any 
form  of  furnace  now  in  use  is  able  to  utilise  any  considerable 
percentage  of  these  hydrogen  units,  even  when  the  best  of  the 
modern  automatic  stoking  apparatus  is  used.  So  that  when 
judging  the  comparative  value  of  these  fuels  we  should  always 
remember  that  it  is  far  more  difficult  to  obtain  a  high  boiler 
efficiency  from  these  latter  fuels  than  from  those  which  contain 
the  larger  percentage  of  carbon  in  the  form  of  coke.  In  order 
that  you  may  conveniently  calculate  the  T.U.  contained  in  a 
pennyworth  of  coal  of  various  qualities  and  prices,  I  have  prepared 
Table  V.  (a),  which  shows  this  at  a  glance  for  all  fuels  from  10,000 
up  to  16,000  B.T.U.  per  lb.,  and  for  all  prices  from  5s.  up  to  228. 
per  ton. 

Fuel  and  Water. — Divs.  1  and  2. — Boilers,  Economisers,  &c. 

The  boilers  which  have  hitherto  been  chiefly  used  in  electric 
supply  works  have  been  of  the  locomotive,  marine  or  semi-marine, 
tubulous,  or  Babcock  &  Wilcox  type,  and  the  Lancashire  type. 

Locomotive  Type. — Several  large  locomotive  boilers  were  put  in 
by  Mr.  W.  H.  Maw  for  driving  the  Daily  Telegraph  printing 
works,  and  the  success  of  these  was  so  great  that  I  asked  him  to 
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design  for  me  boilers  of  the  same  type  for  the  first  London  central  m^^  ^ 
station,  which  my  firm  put  down  for  the  London,  Chatham,  and 
Dover  Railway  at  Victoria  Station  in  1883.  These  boilers  had 
copper  fire-boxes,  and,  on  test  trials,  gave  an  evaporative  efficiency 
of  8^  to  9  lbs.  of  water  per  lb.  of  Welsh  coal.  This  type  is  in  most 
respects  satisfactory ;  but,  on  account  of  the  level  of  the  grate  bars 
being  so  much  below  the  level  of  the  fire  doors,  it  is  difficult  to 
properly  clinker  the  fires — so  much  so  that  when  a  batch  of  coal  is 
used  that  contains  much  clinker  it  is  very  difficult  to  clean  the 
fires  in  a  reasonable  time,  so  that  the  evaporative  efficiency  is 
thereby  much  reduced.  From  this  cause  the  average  efficiency 
of  locomotive  boilers  does  not  much  exceed  7  lbs.  of  water  per  lb. 
of  coal  when  taken  from  the  monthly  bills,  and  under  the  condi- 
tions usually  met  with  in  supply  works.  It  is  also  not  an  easy 
matter  to  bank  the  fires  of  a  locomotive  boiler  in  an  economical 
manner. 

The  St.  James  and  Pall  Mall  Co.  have  used  large  boilers  of 
this  type  made  by  Davey,  Paxman,  &  Co. ;  and  the  Metropolitan 
Co.  have  used  others  made  by  Homsbys — all,  I  believe,  with  good 
results.  I,  however,  have  been  imable  to  obtain  the  correct 
evaporative  duty.  This  type  of  boiler  is  rather  more  costly  to 
maintain  than  the  other  types ;  the  fire  door  ring  is  liable  to 
give  trouble  from  leakage,  and  a  great  deal  of  space  must  be 
wasted  in  order  to  give  access  to  the  smoke-box  end  of  the  boilers 
for  tube-sweeping  purposes. 

The  Ma/rine  and  Semi-Marine  Type. — ^The  marine  type 
has  been  used  in  a  few  instances,  notably  in  the  Whitehall 
Court  station  of  the  Metropolitan  Company,  and  is  highly 
economical ;  but  it  is  a  rather  costly  boiler  to  construct.  Equally 
good  results  may  be  obtained  firom  the  semi-marine  type,  which 
is  a  modification  of  it,  made  by  Messrs.  Davey  Paxman  and 
others,  which  they  call  the  "Economic"  boiler;  in  this  boiler 
the  flues  are  carried  right  through  from  front  to  back,  and 
the  products  of  combustion  are  deflected  back  through  the  tubes 
by  a  firebrick  back.  In  Scotland  this  boiler  is  called  a  ^^dry 
back  "  boiler.  It  has  many  merits :  it  is  very  simple,  and  easily 
repaired ;  the  intensely  heated  "  dry-back "  acts  as  a  very  good 
smoke   preventer,   so  that  Midland   steam   coals   can  be   used 
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without  producing  smoke,  which  is  not  the  case  with  either  the 
locomotive  or  Babcock's  type.  Professor  Kennedy  has  used  a 
large  number  of  these  boilers  for  the  Westminster  Supply  Co , 
and,  he  tells  me,  with  uniformly  good  results  from  every  point 
of  view.  The  test  of  this  boiler  given  in  Table  IV.  shows  it  to 
be  of  the  highest  efficiency.  I  have  not  personally  had  much 
experience  in  its  use  until  quite  recently  at  the  new  central 
station  in  Shoreditch  for  the  Great  Eastern  Eailway.  The  sole 
fault  in  this  boiler  (and  it  is  not  a  great  one)  is  the  rather 
awkward  position  of  the  smoke-box  over  the  fire  door. 

Babcock  &  Wilcox  Boilers. — These  boilers,  as  you  well  know, 
consist  of  a  large  group  of  inclined  tubes,  having  the  water  inside 
the  tubes,  the  highest  end  of  the  tubes  being  at  the  firing  end 
of  the  boiler.  The  tubes  are  connected  at  both  ends  by  special 
headers  to  steam  drums  placed  overhead.  The  firing  is  carried 
on  on  large  grates,  and  the  products  of  combustion  are  deflected 
by  fire-tile  bridges  so  that  they  are  obliged  to  follow  a  serpentine 
course  through  the  tubes,  the  hot  gases  passing  several  times 
transversely  to  the  tubes.  My  experience  in  the  use  of  Babcock 
boilers  has  been  altogether  satisfactory,  and  I  believe  that  the 
best  evaporative  efficiency  yet  obtained  in  supply  works  has  been 
with  these  boilers.  I  make  this  statement  all  the  more  readily 
as  in  my  1891  paper*  I  said  that  this  class  of  boiler,  presenting 
as  it  does  such  considerable  radiating  surface  of  brickwork,  would 
not  give  such  economical  results  during  the  long  hours  of 
standing  with  banked  fires  as  other  boilers  which  are  internally 
fired ;  but  since  that  date  the  skill  of  the  designers,  and  the  great 
skill  and  attention  of  the  users,  has  resulted  in  so  minimising 
these  losses  that  I  believe  these  boilers  stand  quite  at  the  head 
of  the  list,  not  only  as  regards  economical  working  on  full-load 
tests,  but  also  in  the  small  use  of  fuel  when  standing  banked. 
These  are  my  own  observations,  but  I  understand  that  the  experi- 
ence of  others  has  been  equally  satisfectory,  at  least  wherever 
Welsh,  anthracite,  coke,  or  other  smokeless  fuels  are  used. 
I  am  told  that  when  used  with  smoke-producing  fuel  there  is  a 
tendency  for  the  lower  row  of  tubes  to  cool  down  the  products 
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of  combustion,  that  these  tubes  become  coated  with  soot,  and  the  Mr. 

Crompton. 

evaporative  result  is  unsatisfactory.  I  believe,  however,  that  the 
makers  have  now  introduced  special  means  to  get  over  this 
difficulty.  The  chief  refinements  that  those  who  use  these  boilers 
have  been  able  to  introduce,  and  which  have  led  to  reduction  in 
the  waste  of  fuel  during  long  hours  of  light  firing  and  banking, 
are  principally  in  the  alteration  of  ash-pit,  flue  doors,  and  dampers, 
so  as  to  regulate  the  air  admission  with  great  nicety,  or  to 
completely  shut  it  off.  We  also  find  that  the  maintenance  of 
the  fire-tile  bridges  between  the  tubes  which  cause  the  gases  to 
follow  the  undulating  path  above  described  is  a  matter  of  extreme 
importance;  and  last,  but  not  least,  this  boiler  should  be  kept 
perfectly  clean.  Up  to  a  few  years  ago  we  were  content  with 
periodical  cleanings  and  scalings ;  but  now,  by  the  use  of  suitable 
boiler  fluids  and  firequent  blowing  off  at  the  surfece  as  well  as 
at  the  lower  cocks,  we  find  that  we  can  keep  the  interior  of  these 
boilers  as  firee  from  scale,  and  in  all  respects  as  clean,  as  when 
they  left  the  makers'  hands.  Test  results  with  these  boilers  have 
shown  that  9}  lbs.  of  water  can  be  evaporated  with  Welsh  coal  at  ^ 
170  lbs.  boiler  pressure  :  if  the  calorific  value  of  this  coal  is  taken 
at  15,000,  this  is  equal  to  76  J  per  cent,  efficiency ;  and,  as  my 
table  of  costs  will  show  you,  in  practice  we  have  reached  to  within 
a  narrow  percentage  of  this  figure,  even  when  all  banking  coal 
and  other  sources  of  waste  are  taken  into  consideration. 

Lancashire  Boilers. — We  are  told  from  time  to  time  that  the 
evaporative  efficiency  of  this  boiler  ought  to  be  the  highest,  and 
its  maintenance  cost  the  lowest,  of  any  boiler.  I  believe  the 
latter  claim  to  be  better  founded  than  the  former.  The  boiler 
is  easy  to  clean,  and  the  repairs  should  be  few  at  low  pressures 
and  far  between ;  but  it  must  be  remembered  that  we  have  no 
extended  experience  of  the  cost  of  maintenance  of  these  boilers 
when  used  at  the  higher  pressures  of  140  to  170  lbs.  per  square 
inch,  now  so  common  in  electric  works — as,  for  instance,  the 
maintenance  of  the  usual  fusible  plug  is  not  an  easy  matter,  and 
it  is  therefore  necessary  to  depend  on  some  form  of  low-water  alarm, 
which  is  always  a  troublesome  piece  of  apparatus;  again,  although 
the  accidental  lowering  of  the  water  level  of  a  locomotive  or  a 
Babcock   boiler    or  an  "Economic"    boiler  may   have    serious 
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consequences,  yet  these  are  nothing  to  what  occurs  when  the  flues 
of  a  Lancashire  boiler  come  down  from  this  cause. 

As  regards  the  evaporative  efficiency  of  the  Lancashire  boiler, 
I  think  it  has  been  somewhat  overrated.  Owing  to  the  fact  that 
the  great  majority  of  Lancashire  boilers  are  in  use  in  the 
Midland  and  Northern  counties,  where  the  fuel  used  is  cheaper 
than  that  we  use  in  London,  and  where  little  or  nothing  is  said 
if  smoke  is  produced,  and  where  low  cost  of  maintenance  is 
of  higher  importance  than  high  evaporative  efficiency,  niill 
engineers  have  been  led  to  regard  this  as  the  one  and  only 
boiler ;  but  that  this  type  is  not  efficient  when  taken  by  itself, 
is  amply  proved  by  the  fact  that  no  first-class  mill  is  ever 
fitted  up  without  the  addition  of  economisers — in  fact,  we  may 
say  that  the  Lancashire  boiler  without  its  economiser  is  only 
half  a  boiler.  In  most  cases  the  gases  would  leave  the  Lancashire 
boiler  at  700  degrees,  leaving  300  degrees  to  be  taken  out  of  the 
gases  by  the  economiser;  whereas  in  tests  of  the  locomotive, 
marine,  semi-marine,  or  Babcock  boilers  the  gases  leave  the 
boiler  itself  at  a  temperature  very  slightly  in  excess  of  that  of 
the  steam;  so  that  in  this  latter  case  an  economiser  would 
be  a  refinement,  and  not  a  necessity.  I  do  not  think  this  fact 
has  been  sufficiently  brought  home  to  us  engineers  when  the 
merits  of  the  Lancashire  type  of  boiler  have  been  so  per- 
sistently put  before  us  by  outside  engineers,  so  that  many  of 
us — ^myself  included — have  made  the  mistake  of  putting  down 
Lancashire  boilers  for  supply  stations  in  country  towns  without 
economisers,  thinking  that  if  we  made  these  boilers  large  for  their 
work  we  should  get  the  required  economy,  whereas  with  this  type- 
the  only  way  to  get  high  economy  is  to  use  a  rather  small  boiler 
and  a  large  economiser.  At  any  rate,  the  electric  works  using 
Lancashire  boilers  have  hitherto  not  shown  at  all  well  in  com- 
parison with  other  types.  In  towns  where  the  fuel  is  obtained 
so  near  to  the  works  that  the  cost  of  carriage  is  small  compared 
with  the  actual  cost  of  the  fuel  itself,  it  pays  to  put  down 
boilers  fitted  with  special  stoking  plant  to  deal  with  these 
inferior  fuels.  In  most  of  these  cases  Lancashire  boilers 
have  been  used,  but,  as  I  shall  show  hereafter,  the  results 
hitherto  obtained  firom  the  use  of  such  cheap  fuel  have  not 
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been  very  satisfactory ;  in  fact,  the  very  cheapness  of  the  Mr. 
fael  itself  has  been  a  snare  to  the  works  engineers,  causing 
them  to  neglect  refinements  in  ftiel  economy  to  such  an  extent 
that  in  many  cases  the  greater  part  of  the  saving  which  they 
ought  to  have  shown  from  the  low  price  of  their  fuel  has  been 
lost.  In  some  cases  the  price  of  their  fuel  has  been  actually 
higher  than  in  the  best  Liondon  works,  where  economical  working 
has  been  studied. 

It  is  now  time,  to  put  before  you  in  a  tabular  form  the  data 
which  I  have  been  able  to  prepare  to  show  the  working  efficiency 
of  the  boiler  plant  used  in  10  of  the  works  which  I  propose  to 
compare.  In  all  cases  the  quantity  and  calorific  value  of  the 
fuel  used  is  given  with  sufficient  accuracy;  but  I  have  not  in 
all  cases  been  able  to  ascertain  the  water  used  per  imit  with 
the  same  accuracy,  although  this  would  have  been  a  very 
desirable  check  on  my  other  figures. 

Table    III.   shows  the   actual  boiler  efficiency   observed   in 
these   10  works;    I  have    designated    them   by  letters,  which 
enable  you  to  identify  them,  in  the  foUowing  tables. 
Table  III. — BoUer  EffideTicy. 


Fuel. 

Lbs.  of 
Fuel  per 
Unit  Sold. 

Lbs.  of 
Water 

Effi- 

Works. 

System. 

Type  of  Boiler. 

Evap- 
orated 

ciency 
of 

Class. 

Value 
in 

aT.u. 

11,300 

1892. 

1893. 

per  Lb. 
of  Fuel. 

Boiler. 

E 

"  Converted  " 
Alternating 

Lancashire   ... 

Small... 

21-0 

23-0 

412 

% 
38-0 

N 

"Direct" 

,, 

»» 

12,000 

17-7 

171 

5-0? 

43  5 

0 

»t 

«« 

»» 

12,000 

16-6 

17-0 

6-0? 

520 

A 

J'*  Converted") 
Alternating[- 

i  *•  Direct "       ^ 

»»            ••• 

»»     ••• 

12,000 

160 

14-8 

5-2 

45-2 

I 

'{ 

^  **  Converted  **\ 
Alternating  L 

i*»  Direct"...     ) 

Babcock      & 
Wilcox     ... 

Welsh 

14,500 

14-7 

12-0 

7-8 

56-5 

Q 

"Direct" 

Locomotive  } 

1  Welsh 
iCoke 

> 

... 

10-2 

7-5 

54-5 

U 

»»        •••     ••■ 

Babcock      & 
Wilcox     ... 

Welsh 

14,600 

8-9 

8-0 

7-85 

570 

V 

,,        

Economic     ... 

>» 

14,500 

9-9 

7-5 

8-0 

58  0 

w 

)t        •••     ••• 

Babcock      & 
Wilcox     ... 

>* 

14,500 

6-9 

5-83 

8-5 

61-5 
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In  all  the  tables  they  are  arranged  in  the  actual  order  of 
fuel  economy,  E  showing  the  largest  consumption  of  fuel  per  unit 
sold,  and  W  the  smallest. 

Table  IV.  gives  the  evaporative  duty  and  efficiency  of  several 
types  of  boiler  determined  at  special  tests. 

Table  IV, — Recording  Maximum  Effidervcy  of  sundry  Tyj>e8  of 
Boilers  at  Test  Trials. 


By  whom  carried  on. 

Boiler. 

Fuel  Used. 

Lbe.  Water 
Evapor- 
ated. 

EfB- 
cienoy. 

Description. 

Cal. 
Value. 

1^ 

1^ 

J.  F.  Crosland     ... 

Lancashire 

Lofthonse 
unscreened 
nuts 

12,876 

7  74 

... 

% 
56-.> 

,, 

With    McPhail    & 
Simpson's  super- 
heater 

?»        ij 

12,723 

1005 

9-3 

76-3 

J.   HoUiday,     at 

Ferret's  grate  with 

Welsh  small 

16,734 

9-96 

9-2 

65-9 

Messrs.    Bryan 

Lancashire 

Donkin*8    works 

>»              >» 

>»                     n 

Coke  dust 

8,400 

602 

5.5 

69-3 

Piof.  Robinson,  at 

Babcock  &  Wilcox 

Welsh      ... 

15.000 

11-9 

11-0 

76-6 

St.  Pancraa 

Prof.  Kennedy,  at 

Marine  type 

Coke 

12,120 

7-91 

7-3 

63  0 

Glasgow 

* 

Prof.  Kennedy,  at 

Semi-marine  type 

Welsh       ... 

14,866 

12-2 

11-26 

78-0 

Eccle*ton  Place 

Prof.    Kennedy, 

Thomycroft  water- 

*»           •• 

14,900 

13-4 

12-4 

86-8 

26th  Nov,  1888 

tnbe  bo'ler 

I  would  draw  attention  to  the  remarkably  high  results 
obtained  by  Professor  Kennedy,  shown  on  Table  IV.,  in  his 
Glasgow  trials;  and  beg  that  this  result,  which  was  obtained 
with  marine-type  boilers  using  small  gas  works  coke,  may  be 
compared  with  that  shown  by  Bryan  Donkin,  in  Table  A"., 
with  a  Lancashire  boiler  using  similar  coke. 

Referring  to  Table  IIL,  Works  J  are  using  Lancashire  boilers 
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fitted  with  automatic  stokers  of  the  Vicars  type.  In  this  case,  Mr. 
which  is  under  my  own  control,  every  means  has  been  studied  to 
increase  the  evaporative  efficiency  of  the  boilers ;  but  this  is  a 
typical  case  of  the  difficulties  attending  the  use  of  small  coal, 
even  if  it  be  of  fairly  high  calorific  value.  In  this  case  a  con- 
siderable part  of  the  loss  is  due  to  the  small  coal  falling  through 
the  bars.  The  coal  supplied  is  of  variable  caking  quality :  some- 
times it  cakes  together  sufficiently  to  reduce  this  loss ;  in  other 
cases  it  hardly  cakes  at  all,  and  from  15  to  20  per  cent,  of  the 
combustible  is  lost.  The  point  I  have  above  referred  to  of  the 
extreme  difficulty  of  utilising  the  heat  units  in  the  hydrogen  is 
here  met  with.  If  the  air  admission  is  not  managed  with  the 
utmost  nicety,  the  losses  due  to  over-dilution  of  the  products  of 
combustion  by  air  become  so  great  that  the  evaporation  is  largely 
diminished,  and  this  without  any  apparent  neglect  on  the  part  of 
the  stoker. 

Before  leaving  the  subject  of  boilers,  I  ought  to  say  a  few 
words  on  the  use  of  forced  draught.  A  good  many  of  us  have 
formed  the  opinion  that  one  of  the  best  methods  of  meeting  the 
short  period  of  heavy  load  is  by  the  use  of  forced  draught  applied 
to  a  closed  ash-pit,  as  has  been  done  by  Meldrun  and  others. 
It  is  evident  that  existing  boiler  plant  might  in  case  of  emergency, 
or  for  short  periods,  be  forced  to  evaporate  50  per  cent,  more 
steam  than  at  present ;  and  this  would  be  particularly  convenient 
to  meet  the  times  of  maximum  load,  so  that  in  this  way  the  waste 
of  fuel  due  to  lighting  up  extra  boilers  for  these  short  periods 
might  be  reduced  or  altogether  avoided.  We  should  also  be  able 
to  bum  small  or  finely  di\ided,  and  hence  cheaper,  fuel  during 
the  times  of  light  load  in  an  efficient  manner.  Another  method 
of  reducing  the  cost  due  to  the  necessity,  of  lighting  up  additional 
boilers  for  the  period  of  maximum  load  would  be  by  using  liquid 
fuel,  to  be  used  only  on  emergency  or  during  these  periods  of 
maximum  load. 

As  is  well  known,  Mr.  Holden,  on  the  Great  Eastern  Railway, 
has  been  very  successful  in  the  use  of  astatki,  or  crude  petroleum, 
with  his  works  boilers,  and  on  some  of  the  locomotives  of  the 
Great  Eastern  Railway.     The  principal  objection  to  his  system 
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appears  to  be  the  noise  of  the  blower,  and  the  same  applies  to 
nearly  all  the  systems  of  forced  draught  where  an  injector  blower 
is  used  ;  but  there  seems  little  doubt  that  this  noise  may  be  mini- 
mised by  properly  arranging  the  air  inlet — that  is  to  say,  by 
drawing  the  air  from  a  point  outside  the  building,  placed  so  that 
the  noise  at  the  entrance  cannot  be  a  nuisance  to  the  neighbours. 
As  it  is  evident  that  it  is  very  easy  and  convenient  to  safely  store 
such  liquid  fuel  in  deep  underground  tanks,  and  as  is  evident,  in 
face  of  the  troubled  we  have  lately  gone  through  from  the  coal 
strike,  that  it  is  necessary  to  have  such  a  considerable  storage, 
this  question  of  the  employment  of  liquid  fiiel  deserves  careful 
attention  by  all  interested  in  supply  works. 

There  is  another  point  to  which  I  wish  to  call  attention.  A 
long  and  interesting  series  of  articles  has  recently  appeared  on 
water-tube  boilers  in  the  ETigineeVj  in  the  course  of  which  the 
writer  more  than  once  states  that  it  is  impossible  to  force  any  of 
the  existing  types  of  water-tube  boilers,  as  any  such  forcing 
invariably  results  in  the  production  of  wet  steam,  and  consequent 
loss  of  economy.  It  is  difficult  to  know  how  the  writer  could 
have  formed  such  an  erroneous  impression.  My  own  experience 
is  that  the  works  where  the  best  results  have  been  obtained  are 
those  where  the  Babcock  &  Wilcox  boilers  have  been  forced  the 
hardest..  At  Works  W,  the  boilers,  which  are  nominally  sup- 
posed to  evaporate  11,000  lbs.  of  water  pet  hour,  have  frequently 
been  forced  to  16,000,  or  about  50  per  cent,  in  excess  of  the  duty 
guaranteed  by  the  makers,  and  at  such  times  of  heavy  forcing 
there  has  never  been  any  trace  of  priming  or  wet  steam. 

On  the  whole,  I  think  that  there  is  a  fair  prospect  of  improv- 
ing and  supplementing  our  boiler  plant  and  our  methods  of 
working  it  so  that  we  may  obtain  in  the  future  an  average  boiler 
efficiency  of  70  per  cent. — equivalent  to  an  evaporation  of  10  lbs. 
of  water  at  a  pressure  of  150  lbs.  when  using  Welsh  coal,  and  an 
equivalent  smaller  evaporation  from  inferior  and  lower-priced  coal. 

Fi'EL  AND  Water. — Drvs.  1  and  2. — ^The  Effect  of  the  Efficiency 
OF  Steam  Engines  on  Dynamos  or  Alternators. 
Now  that  so  many  supply  works  have  been  running  for  several 
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years,  and  that  the  works  accounts  have  been  annually  published  ^r.^  ^ 
in  the  full  detail  demanded  by  the  Board  of  Trade  requirements,  so 
that  the  actual  cost  of  fuel,  water,  stores,  labour  ai^d  salaries,  and 
actual  output  of  energy  delivered,  are  recorded,  and  are  known  to 
everyone  who  interests  himself  in  these  matters,  it  might  be 
thought  an  easy  matter  to  draw  sonie  useful  conclusions  from 
these  published  figures,  so  as  to  throw  light  on  the  comparative 
efficiency  of  the  various  systems  and  types  of  plant  used  in  these 
supply  works;  but  I  regret  to  be  obliged  to  confess  that  the 
drawing  up  of  such  comparative  tables  is  not  an  easy  matter.  I 
have  examined  the  published  accounts  of  23  important  and 
representative  electric  supply  works,  in  order  to  compare  for  this 
part  of  the  paper  the  cost  of  the  fuel.  From  these  I  have 
prepared  Table  VI.,  which  relates  solely  to  fuel  and  water  used. 
I  must  mention  that  in  preparing  this  and  the  other  tables  I  at 
first  relied  on  the  published  accounts  for  the  information  as  to 
fuel,  stores,  labour,  and  salaries ;  but,  as  I  found  that  several 
serious  mistakes  existed  in  the  published  analysis  of  such 
accounts,  I  in  every  case  have  taken  the  precaution  of  sending 
the  figures  to  the  engineer  of  each  works,  in  order  that  he  might 
satisfy  himself  of  their  correctness,  and  in  most  cases  the  engineers 
of  these  works  have  very  kindly  supplemented  this  figure  by  the 
other  data  required  to  bring  this  cost  of  fuel  to  a  common  basis 
for  purposes  of  comparison. 

The  best  method  of  comparing  the  comparative  efficiency  of 
the  generating  plant  would  be  by  comparing  the  weight  of  water 
evaporated  per  unit  generated ;  but,  as  I  have  already  pointed  out 
when  discussing  the  boiler  question,  this  water  measurement  has 
been  very  rarely  carried  out,  so  that  I  am  obliged  to  fall  back 
upon  the  only  certain  measurement — that  is,  the  weight  of  fuel 
used.  I  have  written  to  all  the  engineers  of  the  works  named  in 
these  tables,  and  have  in  some  cases  received  full  information,  in 
others  partial  information,  and  in  a  few  cases  have  been  refused 
all  supplementary  information.  In  the  cases  where  the  informa- 
tion has  been  partially,  or  where  it  has  been  entirely  withheld,  I 
have  been  obliged  myself  to  fill  in  the  blanks  by  calculating  them 
from  the  published  costs  and  known  calorific  values  of  the  fuel 
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used.  I  have  done  this  after  having  made  careful  inquiry  in 
each  case ;  and  whenever  there  has  been  a  doubt  as  to  quantity, 
price,  or  calorific  value,  I  have  endeavoured  in  each  case  rather  to 
favour  that  particular  works.  At  any  rate,  any  errors  that  may 
exist  in  these  calculated  figures  cannot  be  large  enough  to  aflfect 
the  result  which  I  now  bring  before  you. 

In  addition  to  the  accounts  of  the  23  works  examined,  I  have 
also  examined  the  accounts  of  10  foreign  works ;  but  I  find  their 
information  is  too  incomplete  and  too  difficult  to  bring  to  a  basis 
of  comparison  with  our  English  works,  and  I  do  not  complicate 
my  table  by  adding  them  in. 

Of  the  23  English  works  examined,  10 — viz.,  those  at  Bourne- 
mouth, Chelmsford,  City  of  London,  Eastbourne,  House-to-House 
(London),  Metropolitan,  Newcastle  and  District,  Newcastle- 
on-Tyne,  Leeds,  and  Exeter  —  distribute  the  bulk  of  their 
output  on  the  converted  alternating  system.  Two  works — viz., 
those  at  Chelsea  and  Oxford — distribute  on  the  converted  con- 
tinuous system.  Eleven  works — viz.,  Birmingham,  Bradford, 
Brighton,  Charing  Cross  and  Strand,  Hove,  Kensington,  Knights- 
bridge,  Liverpool,  Preston,  St.  James  and  Pall  Mall,  and 
Westminster — distribute  on  the  direct  system. 

In  Table  VI.  I  have  grouped  these  23  works  into  these  three 
systems  of  distribution,  and  have  arranged  them  in  each  group 
in  order,  always  heading  the  list  by  the  works  that  uses  the 
largest  quantity  of  fuel.  It  is  curious  to  remark  that  this 
system  of  grouping  also  divides  them  very  fairly  into  the  two 
great  divisions  of 

1.  Rope-  or  belt-driven  plant. 

2.  Direct-driven  plant. 

In  the  first  group  I  have  averaged  the  fuel  consumption  in 
T.U.  per  watt-hour,  omitting  from  the  average  the  first-named 
works,  as  the  conditions  of  working  are  somewhat  abnormal ;  and, 
similarly,  in  the  last  group  I  have  averaged  the  fuel  consumption 
for  the  whole,  with  the  sole  exception  of  the  first-named  works 
— I.e.,  Preston — the  conditions  in  this  case  being  also  abnormal. 
These  averages  show  that  the  consumption  of  fuel  per  unit 
sold  in   the   first  group  is  about   94  per  cent,  greater  than  in 
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Mr. 
Cromplon. 


Works. 

1 

c  5; 

si 

I 

fldDK 

d^5 

Description  of  Plant. 

COMVBBTKD  AlTEB- 

NATiMO  System. 

% 

Newcastle  and  District 

A 

0-8 

810 

70 

218 

Steam  turbine. 

Leeds  

B 

1-28 

800 

66 

200 

Alternators,  rope-driven. 

Bournemouth    

C 

1*81 

232 

69 

160 

»                                 M 

Honse-to-House 

D 

1-9S 

265 

66 

175 

»»                  »» 

Ne  w  caa  tie-on -Tyne 

E 

0-64 

262 

66 

178 

»»                  »» 

Metropolitan     

F 

1-8 

232 

66 

153 

(1892)  Mixed  system. 

Eastbourne        

G 

1-42 

180 

60-8 

•    109 

Alternators  rope-driven. 

Exeter 

H 

1-35 

135 

66 

89 

v»                          n 

Average  of  B,  C, 

D,E 

,&F 

245 

... 

161 

Mixed  System. 

City  of  London 

I 

1-24 

172 

82 

141 

Mixed  system,  driving. 

Chelmsford        

J 

0-96 

146 

76 

112 

tt                  t» 

Average  of  I  &  J 

... 

... 

159 

... 

126 

Convebted    Cok- 

Tl.SCOtJS. 

Chelsea       

K 

1-11 

142 

... 

... 

Dynamos,  driven  direct. 

Oxford         

L 

0-70 

88-5 

62 

55 

„         rope -driven. 

Average  of  K  &  L 

... 

... 

115 

... 

72 

DiBECT  System. 

Preston       

Liverpool   

Birmingham      

M 

N 
0 

1-65 
0  95 
0-88 

315 
186 
183 

93 
75 
75 

255 
143 
140 

Dynamos,  driven  direct  by 

double-acting  engines. 

Dynamos,  driven  direct  by 

single-acting  engines. 

ft                  ft 

Obariog  Cros«  &  Sirand 

P 

113 

147 

90 

132 

>»                        n 

Hove    

Q 

1  26 

147 

82 

120 

»»                        »f 

St.  JamesandPall  Mall 

R 

0-87 

116 

»5-26 

110 

'»                        i» 

Bradford     

S 

0(56 

119 

88-7 

110 

rt                          ty 

Brighton 

T 

0-904 

117 

80 

94 

»i                          i» 

Kensinifton        

U 

0-87 

116 

866 

100 

»»                          »» 

Westminster      

V 

0-78 

104 

88 

92 

»•                          ♦• 

Knightsbridge   

W 

0G32 

84 

Dl-o 

78 

»»                          »» 

Averageof  Nto  VV 

... 

... 

133 

... 

112 

Ideal  works       I  ... 

0-27 

36-25 

90 

32-6 
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the  direct  group;  but  as  this  diflference  is  made  up  very  con- 
siderably by  the  difference  in  efficiency  of  distribution,  I  have 
calculated  the  actual  fuel  consumption  at  the  terminals  of  the 
dynamo  by  the  efficiency  of  distribution  of  the  two  systems, 
which  I  regret  to  say  is  in  several  cases  an  assumed  figure,  as 
in  several  cases  it  appears  to  be  actually  unknown  to  the  works 
engineers  themselves. 

The  table  shows  that,  whereas  the  efficiency  of  distribution 
of  the  converted  alternating  systems  is  apparently  somewhat 
under  66  per  cent.,  with  the  direct  systems  (excluding  the 
two-wire  systems)  it  is  about  86  per  cent.  The  fuel  used  per  unit 
generated  in  the  converted  alternating  systems  appears  to  be 
43  per  cent,  higher  than  that  used  by  the  direct  systems.  In 
making  these  calculations  I  have  carefully  avoided  considering 
those  where  a  mixed  system  of  distribution  is  used.  The  table 
also  shows  that  the  fuel  average  of  the  works  where  the  alter- 
nators or  dynamos  are  rope-driven  is  about  46  per  cent,  higher 
than  where  the  dynamos  are  direct-driven  by  high-speed  engines ; 
and  I  think  that  the  information  that  the  table  gives  on  this 
point  is  of  the  utmost  importance,  as  it  shows  in  a  marked  degree 
the  economici^l  advantages  of  high-speed  direct-driven  steam 
dynamos  over  slow-speed  engines  driving  dynamos  or  alternators 
by  ropes  or  belts. 

I  should  here  state  that  the  preparation  of  Table  VI.  has  been 
the  principal  cause  why  this  paper  has  been  delayed  to  such  a  late 
period  of  the  session.  The  figures  as  printed  in  the  proofs  that 
you  have  in  your  hands  have  been  altered  several  times,  as 
additional  information  has  been  forwarded  to  me  by  the  various 
engineers  in  charge.  Even  now  I  find  that  several  mistakes  and 
omissions  exist.  Some  of  them  have  been  corrected  on  the 
large  table  on  the  wall,  but  those  in  your  hand  need  correction  as 
follows : — 

The  averages  of  the  first  group  include  all  the  works  men- 
tioned, with  the  exception  of  the  Metropolitan  and  Exeter ;  the 
Metropolitan  being  for  the  year  1892,  and  the  Exeter  accounts 
being  based  on  an  estimated  and  not  actually  mec^ured  output. 

Again,  the  efficiency  of  distribution  of  the  Chelsea  Company, 
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hence  the  calculation  per  unit  generated,  ought  to  have  been  Mr. 
omitted ;  the  figure  given  is  that  that  would  be  obtained  if  the 
eflBciency  of  distribution  was  the  same  as  at  Oxford.  The  Oxford 
figures  came  in  at  such  a  late  period  that  I  was  unable  to  mention 
them  in  the  body  of  the  paper.  The  results  are  very  encourag- 
ing ;  in  fact,  I  think  they  are  too  good  to  be  true,  especially 
when  we  come  to  consider  the  corresponding  use  of  stores  in 
Table  VII. 

I  have  received  a  commimication  from  Mr.  Hunter,  repre- 
senting the  Newcastle  and  District  Company,  in  which  he  begs 
that  I  will  make  it  clear  that  of  the  steam  turbines  used  during 
the  past  year,  only  one  was  condensing ;  he  also  demurs  to  the 
figures  I  have  given  of  310  B.T.U.  per  watt,  as  he  says  the 
calorific  value  of  the  coal  used  at  Newcastle  was  only  7,250, 
instead  of  11,300,  the  figure  assumed  by  me. 

In  explanation  of  my  calculations  I  may  say  that  I  used  the 
figure  11,300  as  furnished  to  me  by  Mr.  Jackson,  of  the  New- 
castle-on-Tyne  Company ;  but  I  believe  that  even  this  figure  is 
too  low,  and  that  good  Newcastle  slack,  such  as  any  commercial 
man  would  purchase  for  steam-raising  purposes  at  Newcastle,  has 
a  value  not  less  than  13,000.  I  use  identically  the  same  slack 
for  my  Chelmsford  works,  and  pay  for  it  a  price  that  is  not  higher 
than  is  now  paid  by  either  of  the  Newcastle  companies,  and  I 
find  on  actual  test  that  it  has  a  calorific  value  of  14,000 ;  so  that  I 
cannot  accept  Mr.  Hunter's  explanation  that  the  high  fuel 
consumption  at  Newcastle  is  due  to  the  inferior  quality  of  the 
coal  used. 

I  have  also  re.ceived  a  communication  from  the  St.  James  and 
Pall  Mall  Company  altering  the  figures  originally  given  in  Table 
VI.,  which  were  the  1892  figures;  the  alteration  is  also  now 
entered  on  the  table  on  the  wall. 

I  must  also  say  that  I  have  not  made  any  selection  in  the 
accounts  entered  in  this  table.  I  have  taken  all  the  accounts 
that  were  ready  at  the  time  I  prepared  the  table,  and  those 
that  are  omitted  were  omitted  solely  at  the  request  of  the 
engineers  in  charge,  on  the  grounds  that  the  only  figures  avail- 
able of  1892  did  not  represent  the  present  state  of  aflfairs. 
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Mr.  Eight  years  ago  T  stood  almost  alone  when  I  recommended 

that  the  1,200-H.P,  load  of  the  Vienna  centrar  station  should  be 
divided  amongst  eight  steam  dynamos  coupled  direct  to  high- 
speed engines,  as  at  that  time  most  engineers  still  believed 
that  high  economy  in  the  use  of  steam  could  only  be  obtained 
by  putting  down  long-stroke  slow-speed  engines  such  as  are 
commonly  used  in  cotton  mills,  and  driving  from  these  engines 
the  dynamos  by  means  of  ropes  or  belts.  This  superstition  was 
founded  on  the  belief  that  steam  could  only  be  economically 
used  in  large  engines  of  this  type,  which  obtained  their  high 
piston  speed  by  long  strokes  and  few  revolutions  per  minute ; 
but  it  did  not  take  long  to  show  that  the  great  variations  of  load 
in  an  electric  supply  works  causes  these  huge  engines  to  run 
for  many  hours  at  a  very  small  fraction  of  their  load,  making 
them  very  uneconomical,  so  that  the  subdivision  of  their  load 
between  several  smaller  engines  became  necessary. 

Mr.  Willans,  in  his  first  and  historic  paper  on  steam  engine 
economy  read  before  the  Institution  of  Civil  Engineers,  was  the 
first  to  strike  a  blow  at  the  erroneous  belief  that  economy  could 
only  be  obtained  from  long-stroke  slowly  revolving  engines,  by 
showing  that  as  the  enemy  to  economy,  particularly  in  the 
smaller  engines,  is  cylinder  condensation,  the  true  way  to  reduce 
this  is  not  by  mere  piston  speed,  as  was  the  current  belief,  but 
by  reducing  the  time  during  which  the  cylinder  surfaces  are 
exposed  to  the  cooling  action  of  the  exhaust  or  of  the  condenser 
previous  to  each  fresh  steam  admission — in  other  words,  by  using 
rapidly  revolving  short-stroke  engines  instead  of  slowly  revolnng 
long-stroke  ones.  Once  this  was  understood,  it  followed  that  the 
high-speed  engine  making  many  revolutions,  and  therefore  best 
suited  for  coupling  direct  to  our  dynamos,  is  also  theoretically  the 
most  economical  in  use  of  steam.  That  this  is  also  true  in 
practice  is  shown  by  the  long  series  of  experiments  carried  out 
by  Mr.  Willans,  and  the  figures  that  I  am  now  putting  before 
you.  The  advantages  of  direct  driving  are  obviously  not  confined 
to  the  Willans,  or,  indeed,  to  any  single-acting,  type  of  engine;  in 
fact,  we  have  now  a  considerable  choice  of  high-speed  engines,  all 
of  which  can  be  coupled  direct  to  dynamos,  and  which  use  their 
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steam   economically.     There  is   one  advantage  common   to  all  Mr 

"  Crorapton. 

E  H  P 

direct-driven  steam  dynamos,  i.e.,  their  high  eflSciency  in     '    '*. 

This  eflSciency,  which  has  been  gradually  creeping  up  from 
80  per  cent.,  which  was  the  efficiency  we  obtained  from  the 
Vienna  steam  dynamos  in  1886,  to  the  very  high  figure  of 
88  per  cent.,  which  has  recently  been  obtained  by  a  Willans- 
Siemens  combination,  has  been  much  commented  upon,  and  has 
in  some  quarters  met  with  actual  disbelief;  but  all  who  know 
how  accurately  the  tests  have  been  carried  out  at  Thames  Ditton, 
and  who  have  themselves  made  independent  check  tests,  know 
also  that  such  an  efficiency  can  be  obtained  without  difficulty — 
in  fact,  that  efficiencies  in  excess  of  86  per  cent,  can  now  be 
guaranteed  at  full  loads,  and  80  per  cent,  at  half  loads. 

The  case  is  far  diflferent  with  rope-  or  belt-driven  sets.  In 
most  cases  it  is  difficult  to  obtain  an  efficiency  of  78  per 
cent,  at  full  load  and  70  per  cent,  at  half  load  when  the 
engines  are  fitted  with  the  ordinary  unbalanced  slide  valve, 
or  80  per  cent,  at  full  load  and  73  per  cent,  at  half  load 
when  the  engines  have  Corliss  or  balance  valves.  I  must, 
however,  note  that  Mr.  Parker,  in  his  paper — read  before 
the  Institution  of  Civil  Engineers — on  the  Liverpool  Overhead 
Railway,  gives  us  the  satisfactory  results  obtained  from  slow- 
running  horizontal  engines  driWng  dynamos  by  ropes ;  but, 
although  I  do  not  challenge  Mr.  Parker's  ultimate  figures,  yet  I 
think  that  without  doubt  he  has  made  a  mistake  in  his  calcu- 

E  H  P. 

lated  efficiency — that  is  to  say,  ,  '    'p  '.    I  think  that  it  would  be 

difficult  for  me — or,  in  fact,  for  anyone  who  has  paid  much 
attention  to  the  losses  due  to  the  friction  of  steam  engines,  and 
particularly  of  condensing  engines,  and  to  the  losses  occasioned 
by  rope  driving — to  accept  Mr.  Parker's  figures.  No  one  has 
made  more  careftil  experiments  on  the  friction  of  such  engines 
than  Messrs.  Sulzer,  of  Winterthur,  and  Messrs.  Carels  Fr^re,  of 
Ghent,  who  make  the  same  type  of  engines.  I  have  been 
informed  by  the  latter  that  an  engine  efficiency  of  91  per  cent, 
is   only  rarely  obtained;    generally  the   efficiency  is   somewhat 
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crom  ton  ^^^®^*  ^^'  ^^^^61  statcs  that  the  electrical  efficieDcy  of  his 
dynamos  is  97*7  per  cent.,  which  is  an  extremely  high  figure. 
If  we  take  the  commercial  dynamo  efficiency  at  96  per  cent., 
which  is  an  outside  figure  when  we  consider  the  side  strains  on 
the  bearings  caused  by  the  rope  driving,  and  if  we  suppose  that 
the  loss  due  to  the  rope  driving  is  only  2  per  cent.,  which  I 
believe  is  less  than  has  ever  been  noticed,  it  is  just  possible, 
with  a  91  per  cent,  engine,  a  2  per  cent,  rope  loss,  and  a  96  per 
cent,  dynamo,  to  get  85*6  per  cent,  efficiency. 

Although  I  do  not  believe  that  such  an  efficiency,  and  corre- 
spondingly small  consumption  of  steam  per  E.H.P.  at  full  and  half 
loads,  can  be  obtained  in  practice  by  engines  driving  dynamos  by 
ropes,  yet  it  is  so  often  attained  by  direct-driven  sets  that  at  least 
one  maker  can  now  guarantee  figures  very  closely  approaching 
the  ideal  figures  I  have  given  of  18^  lbs.  of  steam  per  unit  at 
full  load  and  21^  lbs.  at  half  load.  Yet  in  the  cases  of  direct 
driving  such  high  efficiency  is  easily  accounted  for.  In  the 
first  place,  the  engines  are  fitted  with  piston  valves,  which 
are  the  most  perfect  form  of  balanced  valves;  hence  the 
internal  friction  of  the  Willans  or  Chandler  engines,  running 
as  they  do  with  all  their  parts  thoroughly  bathed  in  oil,  must 
be  probably  lower  than  that  of  any  other  type  of  engine. 
Moreover,  with  direct  driving  there  is  no  side  strain  whatever  on 
the  dynamo  bearings ;  and  even  the  downward  pressure  on  these 
bearings  can  be  partially  eased  by  so  placing  the  armature  core 
in  relation  to  the  bore  of  the  magnets  that  a  certain  amount  of 
lift  is  given  to  the  core  at  the  time  that  the  magnets  are  excited. 
Under  such  conditions  it  will  be  seen  that  the  engine  and  dynamo 
mechanical  friction  can  be  reduced  to  a  minimum — in  fact,  to  a 
point  very  far  below  what  is  possible  when  any  form  of  rope  or 
belt  driving  is  used.  The  figures  that  I  now  give  show  that  the 
best  results  yet  obtained  have  been  with  Willans  engines  driving 
direct-current  dynamos ;  and  I  believe  this  is  mainly  due 
to  the  great  reduction  of  friction  which  I  have  just  mentioned, 
and  which  tells  heavily  in  favour  of  this  class  of  steam  dynamo 
when  it  is  only  partially  loaded.  Hence  we  find  that,  whereas 
the  combined  efficiency  of  a  Willans  combination  is  as  high  as 
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80  per  cent,   at   outputs   as   low   as    two-thirds   full    load,  the  Mr. 

Croropton. 

combined  efficiency  at  two-thirds  load  of  a  slide-valve  engine 
driving  a  dynamo  by  belts  or  ropes  rarely  exceeds  70  per  cent. ; 
and  unfortunately,  however  much  we  may  desire  to  keep  the  load- 
factor  of  the  engine  above  66  per  cent.,  or  two-thirds,  yet  under 
existing  circumstances  it  is  a  matter  of  diflSculty  to  do  so  even  in 
works  where  accumulators  are  used,  and  in  works  where  there  are 
no  accumulators  with  all  converted  systems  the  average  engine 
load-factor  appears  to  be  fer  below  this. 

As  you  no  doubt  expect  me  to  express  an  opinion  as  to  the 
cause  of  the  wide  diflferences  in  economies  of  fuel  shown  in  these 
comparative  tables,  I  must  point  out  that,  even  if  we  exclude  the 
diflference  in  distribution  eflSciency  by  making  the  allowances 
that  I  have  done,  there  still  remain  three  sources  of  loss — 
one  already  dealt  with  under  the  heading  of  the  boilers,  and  the 
second  due  to  the  engines,  dynamos,  or  alternators,  and  the  third 
to  losses  which  have  been  called  by  Kennedy  "obscure  works 
"  losses."  Now  I  think  the  main  cause  of  the  diflference  in  engine 
and  dynamo  losses  lies  in  the  fact  that  in  the  works  under  con- 
sideration the  engines  have  been  driven  at  widely  dififering  load- 
factors  ;  and,  as  whenever  the  engine  load-factor  is  low  the  use  of 
steam  is  correspondingly  high,  I  think  that  this  question  of 
engine  load-factor  is  of  supreme  importance.  As  I  have  shown 
above,  a  low  engine  load-factor  tells  more  against  belt-  or  rope- 
driving  sets  than  against  direct-driving  ones;  but  in  neither 
case  has  the  subject  received  the  attention  that  it  deserves.  Every 
fjEUsility  should  be  given  for  the  men  in  charge  of  the  steam  dyna- 
mos to  ascertain  for  themselves  at  any  time  at  what  load-factor 
they  are  driving  their  plant,  and  if  this  were  done  more  frequently 
I  am  sure  that  great  improvements  would  result.  One  reason 
why  at  present  the  men  in  the  supply  stations  know  so  little 
about  this  question  is,  that  in  most  cases  it  is  only  looked  into  as 
a  sort  of  holy  mystery  by  the  engineering  staflF,  and  at  long  inter- 
vals of  time ;  whereas  I  feel  strongly  a  book  ought  to  be  kept  in 
every  works,  and  the  men  in  charge  should  always  enter  up  the 
load-£EU2tor  of  each  engine  during  the  hours  the  stop  valve  is  open ; 
and  in  order  that  this  may  be  done  with  a  minimum  of  labour,  I 
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rrom  ton  ^^®  devised  and  used  in  our  Chelmsford  works  a  system  which  I 
will  here  describe  for  the  benefit  of  those  who  care  to  adopt  it. 

Diagram  A  before  you  has  its  base  line  marked  off  in  per- 
centages of  the  load  of  the  engine ;  and  the  same  line  is,  in  addition, 
marked  with  the  steam  chest  pressures,  corresponding  to  these 
different  percentages  of  load.  This  steam  chest  pressure  can  be 
noted  by  a  carefully  calibrated  gauge  fixed  on  the  steam  chest  of 
the  engine,  the  calibration  being  carried  out  as  each  set  of  indica- 
tor diagrams  and  electric  load  readings  are  taken;  the  result 
being  that  the  man  in  charge  of  the  engine  can  see  at  a  glance 
fix)m  these  steam  gauges  what  ought  to  be  the  indicated  and 
corresponding  E.H.P.  that  his  engine  is  giving,  and  from  the 
same  diagram  he  is  able  to  calculate  the  consumption  of  pounds 
of  steam  per  hour. 

Opposite  to  each  gauge  pressure  is  entered  the  theoretical  con- 
sumption of  steam  per  horse-power  per  hour  at  the  standard  speed, 
ascertained  from  Mr.  Willans's  table.  Thus,  if  the  man  in  charge 
enters  up  these  steam  pressures  of  all  the  running  engines  every 
quarter  of  an  hour,  it  is  easy  to  prepare  an  accurate  report  on  the 
engine  load-feictor  of  the  day,  and  thus  compare  the  calculated 
with  the  actual  steam  used  during  the  run;  so  that  men  who 
habitually  underwork  their  engines  can  be  thus  noted  and 
reprimanded. 

Of  course  I  know  from  experience  how  much  more  diflBcult  it 
is  to  work  engines  driving  alternators  at  a  high  load-factor  than 
is  the  case  with  continuous-current  steam  dynamos.  This  is 
partly  caused  by  the  comparative  difficulty  and  complication 
involved  in  parallelising  alternators,  compared  with  the  ease  of 
throwing  continuous  dynamos  in  and  out  of  parallel  on  a  storage 
system.  In  the  latter  case  the  enginemen  have  only  one  order 
to  observe — viz.,  to  keep  their  engines  as  fully  loaded  as  possible 
on  a  rising  load,  not  to  start  an  additional  set  until  the  sets 
previously  running  are  considerably  overloaded,  and  on  a  falling 
load  to  shut  down  the  sets  at  the  earliest  possible  moment,  even 
if  it  leaves  the  remaining  sets  somewhat  overloaded  for  some 
time.  Unless  such  orders  are  given  and  carried  out  to  the  letter, 
so  that  engine  load-factors  exceeding  70  per  cent,  on  the  average 
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are  obtained,  it  is  useless  to  expect  to  reduce  the  consumption  Mr. 

Cromptoii. 

of  steam  below  50  lbs,  per  unit  generated. 

The  other  causes  of  waste  of  steam  in  electric  supply  works 
are  those  which  Professor  Kennedy,  in  his  lecture  at  the  Royal 
Institution,  speaks  of  as  "  losses  about  which  we  engineers  feel 
**  very  sore,  and  which  sometimes  try  our  temper  and  our  patience 
^'  greatly,  and  are  not  recognised  as  having  any  kind  of  respect- 
"  able  existence."  These  are  those  connected  with  leaks  from 
boiler  fittings  and  steam  pipes,  with  condensation  losses  in  the 
steam  pipes,  and  due  to  the  wasteful  use  of  steam  by  all  present 
known  means  of  boiler  feed. 

These  losses  have  been  ignored  by  engineers,  and  have  never 
received  the  attention  they  deserve;  bub,  as  they  continue 
throughout  the  24  hours,  they  amount  to  a  very  considerable 
percentage  of  the  steam  evaporated  by  the  boilers,  and  of  course 
tell  most  during  the  summer  months,  or,  in  fact,  in  any  works 
where  the  load-fsictor  is  low.  Engineers  who  have  been  most 
successful  in  dealing  with  these  difficulties,  and  have  minimised 
these  losses  to  the  greatest  extent,  are  those  who  previous  to 
entering  electrical  works  have  received  a  practical  engine-room 
training,  either  as  sea-going  engineers,  or  in  engine  rooms  of  a 
similar  class  where  fuel  economy  has  been  persistently  studied. 
I  beheve  the  best  remedy  for  the  pipe  condensation  losses 
will  lie  in  the  direction  of  superheating  the  steam  after  it 
leaves  the  boilers.  If  we  could  superheat  the  steam  so  as 
not  only  to  have  no  pipe  condensation  at  all,  but  to  deliver 
the  steam  to  the  engine  cylinders  at  a  temperature  8  or  10 
per  cent,  above  the  corresponding  temperature  for  saturated 
steam,  I  believe  that  we  should  at  once  save  nearly  10  per  cent. 
of  the  steam  that  we  now  have  to  evaporate  in  our  boilers.  It  is 
very  easy  to  talk  of  superheating  steam.  In  the  days  of  low- 
pressure  steam  at  15  lbs.  pressure  such  superheating  was  a 
reasonably  easy  matter ;  but  the  case  is  widely  different  when  the 
high-pressure  steam  leaves  the  boiler  at  a  temperature  of  375^, 
as  is  now  the  case.  Any  further  superheating  is  very  much  in 
the  nature  of  passing  this  steam  through  pipes  at  a  temperature 
which  nearly  amounts  to  red  heat,  so  that  it  is  little  wonder  that 
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not  many  engineers  have  cared  about  tackling  such  a  difficult  and 
risky  problem ;  but  it  is  quite  certain  that  this  problem  will  be 
tackled,  and  I  have  recently  heard  that  it  has  been  satisfactorily 
dealt  with  by  Messrs.  McPhail  &  Simpson,  the  superheater 
consisting  of  a  large  number  of  bent  tubes  made  of  thick  lap- 
welded  iron,  each  tube  being  only  about  1  inch  diameter.  The  bent 
portions  of  these  tubes  are  so  placed  that  they  are  exposed  to  the 
hot  gases  when  they  first  pass  through  the  flues  of  the  boiler, 
such  as  the  space  at  the  end  of  a  Lancashire  or  of  an  **  Economic  " 
boiler;  in  the  case  of  the  Babcock  boiler  it  would  be  more 
difficult  to  find  a  place  for  them.  It  is  evident  that  whoever 
attempts  to  deal  with  this  problem  of  Working  out  a  satisfactory 
superheater  will  have  a  great  many  difficulties  to  deal  with.  The 
superheater  must,  as  I  have  said,  be  placed  so  as  to  be  exposed  to 
the  high-temperature  gases,  and  yet  it  must  be  accessible  for 
ready  replacing  of  the  tubes  and  for  repairs.  Moreover,  it  must 
be  easily  put  in  and  out  of  circuit,  so  that  a  failure  of  one  of  the 
tubes  should  not  in  any  way  cripple  the  steam  supply  of  the 
works.  These  requirements  are  in  a  sense  contradictory,  but  I 
have  no  doubt,  now  so  many  minds  are  directed  to  this  problem, 
it  will  be  successfully  dealt  with. 

Another  point  which  is  receiving  the  attention  of  all  of  us  is 
the  extended  application  of  condensing  plant. 

In  situations  where  condensing  water  is  available  this  problem 
presents  no  difficulty,  but  in  a  large  number  of  cases  condensing 
water  is  not  available ;  and  of  late  years— in  fact,  dating  from  the 
time  of  my  1891  paper — a  number  of  proposals  have  been  made  to 
introduce  what  are  called  evaporative  or  surface  condensers,  which 
may  be  described  as  consisting  of  a  very  extended  surface  of  tubes 
through  which  the  steam  passes,  the  tubes  being  cooled  externally 
partly  by  an  air-fan  blast,  and  partly  by  a  limited  supply  of  water 
trickling  on  to  the  outside  of  them.  Of  course,  so  long  as  the 
amount  of  water  used  is  equal  to  the  feed  water  used,  there  would 
be  no  advantage  in  using  such  a  condenser,  other  than  that  the 
steam  consumption  may  possibly  be  economised,  especially  at 
times  of  light  load,  so  that  the  steam  that  is  required  to  pass 
through  the  condenser  would  be  proportionately  reduced;  but 
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Mr.  Ledward  and  several  other  gentlemen  who  have  paid  attention  Mr. 

Crompton. 

to  this  subject  are  confident  that  they  will  be  able  to  eventually 
reduce  the  cooling  water  required  to  two-thirds  of  that  of  the 
ordinary  feed  water ;  and  if  this  is  the  case,  it  will  result  in  a 
very  great  advantage,  not  only  in  removing  the  nuisance — ^which 
some  people  insist  is  a  real  nuisance — of  the  steam  issuing  from 
the  chimneys  of  the  various  supply  works,,  but  the  difficulties 
with  the  boilers  will  be  also  greatly  diminished.  But  it  must  be 
recollected  that  this  use  of  condensing  water  entails  the  working 
out  of  several  very  difficult  problems  connected  with  the  thorough 
filtering  out  of  the  oil  contained  in  the  exhaust  steam  before  it  is 
allowed  to  re-enter  the  boilers.  The  united  opinion  of  nearly  all 
boiler  engineers  and  inspectors  is  to  the  effect  that  if  the  water 
contains  the  smallest  percentage  of  carbonate  of  lime  the  entry 
of  even  minute  quantities  of  oil  into  the  boiler  is  likely  to  have 
disastrous  effects.  The  oils  forms  with  the  carbonate  of  lime  a 
covering  to  the  flues  and  tubes  of  a  highly  non-conducting  nature, 
which  allows  the  iron  or  steel  plates  or  tubes  to  be  greatly  over- 
heated, and  great  damage  is  thus  done;  so  that  most  boiler 
insurance  companies  absolutely  forbid  the  returning  of  condensed 
water  to  the  boiler  unless  it  has  previously  passed  through  a 
purifying  apparatus  which  absolutely  frees  it  from  the  oil. 

I  have  briefly  mentioned  how  very  considerably  the  wasteful 
nature  of  the  steam  pumps  that  are  at  present  available  for  boiler 
feed  pumps  affects  the  total  economy  of  the  works.  For  some 
time  past  at  Chelmsford  I  have  attempted  to  deal  with  this 
difficulty  by  supplying  my  boilers  with  feed  pumps  electrically 
driven ;  and  although  these  electrically  driven  feed  pumps  are  by 
no  means  as  efficient  as  I  hope  to  make  them  in  the  future,  yet 
in  their  present  state  their  use  shows  a  marked  economy  over  the 
Worthington  or  other  direct-acting  pumps  that  were  previously 
employed.  The  electrically  driven  pumps  use  the  energy  from  the 
main  switch-board,  which  is  generated  in  an  economical  manner ; 
whereas  the  direct-driven  pumps  are  driven  not  so  much  by 
steam  as  by  water  condensed  in  their  steam  pipes.  I  have  over 
and  over  again  called  the  attention  of  pump  makers  to  the  great 
want  there  is  of  a  more  economical  steam  pump  than  is  at 
VOL.  XXIII.  30 
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present  in  the  market ;  but  there  appears  to  be  a  difficulty  in 
dealing  with  the  question,  I  believe  chiefly  owing  to  the  inter- 
mittent way  in  which  these  feed  pumps  are  worked,  so  that 
between  periods  of  working  their  supply  steam  pipes  get  com- 
paratively cooled. 

I  have  spoken  of  the  difficulty  I  have  met  with  in  obtaining 
trustworthy  figures  .as  regards  water  consumption.  This  is 
mainly  due  to  the  fact  that  a  thoroughly  trustworthy  water  meter 
is  not  an  easy  article  to  meet  with.  In  order  that  such  a  water 
meter  may  accurately  record  the  water  fed  into  the  boiler,  it  ought 
to  be  placed  between  the  feed  water  heater  and  the  boiler,  so 
that  any  leakages  that  may  occur  at  the  pumps  themselves,  or  in 
the  lines  of  pipes,  or  in  the  feed  water  heater  itself,  may  not 
affect  the  question  of  boiler  evaporation.  This  necessarily  means 
that  such  a  water  meter  must  pass  hot  water.  For  several  years 
past  I  have  been  using  Schonheyder's  meter  in  this  position,  with 
fairly  satisfactory  results,  but  in  its  j)resent  state  it  leaves  much 
to  be  desired.  The  pins  wear  to  such  an  extent  that  in  our 
Chelmsford  case  we  find  it  necessary  to  take  the  meter  out  and 
replace  the  pins  and  recalibrate  it  once  every  three  or  four 
months.  The  calibration  of  such  a  meter  is  not  a  difficult  matter 
if  the  feed  water  in  any  part  of  its  course  passes  through  a 
rectangular  tank,  the  cubic  contents  of  which  can  be  readily 
measured,  and  the  water  contained  marked  for  each  inch  of  height. 

When  speaking  of  the  differences  which  exist  between  the 
calculated  consumption  of  fuel  and  water  by  the  plant  when  tested 
under  full  load  and  that  which  is  observed  from  the  water  and 
coal  bills  in  the  month's  or  year's  working,  I  was  at  one  time 
doubtful  whether  any  single  24-hour  test  would  include  within  it 
the  observed  losses;  but  during  the  past  year,  having  made  a 
large  number  of  such  24-hour  tests  at  our  Chehnsford  works, 
I  have  come  to  the  conclusion  that  such  24-hour  tests  which 
follow  a  complete  cycle  of  the  working  are  a  fairly  trustworthy 
guide  to  the  annual  losses  ;  and  I  cannot  too  highly  recommend 
the  practice  of  taking  such  tests,  and  of  showing  them  graphically 
in  the  manner  universally  adopted  by  mechiyaical  engineers,  and 
shown  by  Professor  Kennedy  in  the  discussion  which  followed  on 
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my  paper  in  1891.  Diagram  B  shows  the  way  in  which  we  plot  Jf^p^^^ 
a  24-hour  test  at  Chelmsford,  and  this  may  be  applied  to  any  other 
works.  Many  of  you  will  ask  how  I  have  been  able  to  obtain  the 
electrical  work  at  the  terminals  of  the  dynamo  in  the  case  of  the 
Chelmsford  works,  where  we  use  alternating  dynamos.  My 
answer  is,  that  it  is  only  during  the  last  few  months  that  I  have 
been  able  to  do  this ;  and  it  is  owing  to  the  extreme  kindness  of 
Professor  Fleming,  and  his  unwearied  attention  in  perfecting  the 
Mengarini  wattmeter  for  our  purpose,  that  we  have  been  able  to 
obtain  a  daily  record  of  tbe  electrical  energy  generated  by  our 
alternating  plant,  as  well  as  that  generated  by  our  direct  plant. 
Diagram  D  shows  an  enlarged  diagram  obtained  from  this 
wattmeter,  and  we  have  divided  it  up  into  known  portions  of  the 
load  from  cards  taken  on  other  nights.  We  are  able  to  separate 
the  load  in  the  town  shops  from  the  load  in  private  houses  owing 
to  the  feet  that  it  is  the  custom  at  Chelmsford  on  Wednesday 
night  to  close  all  the  shops,  so  that  our  load  on  that  night 
consists  entirely  of  the  public  lighting,  which  is  an  ascertained 
and  invariable  quantity,  on  which  is  superposed  the  lighting  in 
the  private  houses  only. 

It  will  be  interesting  to  many  here  to  know  that  the  circum- 
stances under  which  we  work  at  Chelmsford  of  supplying  the 
light  between  certain  hours  has  enabled  us  to  greatly  cut  down 
the  transformer  loss,  so  that  we  have  been  able  to  show  an 
efficiency  of  distribution  reaching  76  per  cent.,  which  I  believe 
is  probably  as  high  as  has  ever  been  reached  with  alternating 
plant ;  but  if  we  were  compelled  to  keep  the  supply  up  through 
the  remainder  of  the  24  hours,  I  am  afraid  the  state  of  affairs 

Diagram  C  shows  what  I  call  a  clinometrical  method  of  showing  a  boiler  trial. 
The  lines  radiating  from  the  lower  left-hand  comer  of  the  diagram  present  rates  of 
evaporation  in  lbs.  of  water  per  lb.  of  coal,  and  the  rate  of  efficiency  at  which  the 
K)iler  is  working  at  anj  part  of  the  trial  may  be  instantaneously  judged  by  the  eye 
by  noting  to  which  of  the  radial  lines  the  black  chart  line  is  parallel.  It  will  be 
seen  that  the  black  chart  line  falls  for  nearly  the  whole  of  its  length  between  the 
lines  7  and  8 ;  bat  if  we  take  successive  portions  of  it,  it  will  be  seen  that  at  the 
commencement  the  rate  corresponds  fsirly  to  the  mean  rate,  but  from  4  to  5  it  r<  se 
until  tbe  rate  was  nearly  10  lb-*. ;  from  5  to  C  it  was  even  higher  than  this  ;  it  then 
fell  imtil  between  8  and  9  it  was  as  low  as  4  lbs. ;  between  10  and  12  the  rate  was  at 
the  average. 
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Mr.  -would  be  widely  different.    We  are  also  aided  by  such  a  large  part 

of  our  load  being  public  lighting,  which  goes  on  throughout  the 
entire  hours  of  darkness  in  summer  and  in  winter. 

Fuel  and  Water. — ^Part  III. 

Effects  of  IHstrilndion  Efficiency. 

I  am  obliged  to  introduce  this  question  into  this  paper,  as  there 
can  be  no  doubt  that  the  high  consumption  of  fuel  shown  by 
certain  works  is  partly  due  to  low  distribution  efficiency ;  but  I 
do  not  propose  to  dwell  on  this  highly  important  question,  which 
merits  a  paper  to  itself,  besides  being  of  a  highly  controversial 
character.  I  find  that  in  few  cases  have  the  engineers  of  supply 
works  had  the  pluck  to  face  this  important  problem,  and  to 
ascertain  and  state  boldly  what  distribution  efficiency  they  have 
noted.  In  several  cases,  however,  this  has  been  done,  so  that  I 
am  able  to  make  the  Table  VI.  reasonably  complete.  From  it 
you  will  see  that  the  efficiency  of  distribution  of  direct  systems, 
including  meter  losses,  varies  between  85  and  91 4  per  cent., 
whereas  that  of  converted  systems  varies  between  60  and  82  per 
cent.;  the  higher  figiu'e  being  only  found  where  the  system  of 
switching  transformers  in  and  out  of  circuit  is  practised.  In  the 
very  small  loss  of  from  10  to  12  per  cent,  observed  in  the  direct 
systems  are  included  all  those  due  to  the  accumulators,  to  the 
C^  B  losses  in  the  mains,  to  leakage,  and  to  meters  failing  to 
register ;  and  I  do  not  think  it  is  likely  in  the  future  we  shall 
be  able  to  improve  much,  if  at  all,  on  this  distribution  efficiency — 
in  fact,  we  are  assured  by  our  American  friends  that  it  would  pay 
us  better  to  somewhat  reduce  this  efficiency  by  putting  less 
copper  in  our  mains ;  but  we  consider  that  our  English  practice 
is  right,  as  in  order  to  get  thoroughly  steady  lighting  and  good 
regulation  it  is  necessary  to  work  at  this  high  efficiency,  and  at 
the  present  price  of  copper  it  can  be  easily  shown  that  it  pays 
to  do  so. 

Stores,  Water,  Labour,  and  Superintendence. 
Under  the  head  of  "  Stores  used  in  the  Generating  Works  "  are 
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usually  iucluded  water  (which  in  London  and  many  other  towns  Mr. 
has  to  be  paid  for),  oil,  grease,  waste,  packing,  gauge  glasses,  and 
other  materials  which  are  from  day  to  day  used  in  the  working  of 
a  supply  works.  The  decrease  in  the  stores  item  in  several  of 
the  companies  has  been  very  noticeable  during  the  last  few  years 
of  working.  In  the  case  of  the  Kensington  Court  works  of  the 
Kensington  Company,  the  stores  have  in  some  months  reached  as 
low  a  figure  as  0'025d.  per  unit  sold,  and  there  is  no  doubt  that 
even  a  lower  figure  will  be  reached  as  the  output  and  load-factor 
improve.  In  this  question  of  use  of  stores  the  closed  type  of 
engine,  such  as  those  made  by  Messrs.  Willans,  Bumsted  & 
Chandler,  and  Belliss,  of  Birmingham,  compare  most  favourably 
with  the  open  type  of  engines.  During  a  visit  paid  to  Vienna 
two  years  ago,  I  was  told  by  Mr.  Melhuish,  the  engineer  in  charge 
of  the  Imperial  Continental  Gas  Association,  that  the  consump- 
tion of  oil  by  an  open-type  compound  engine  which  they  had 
recently  erected  in  that  station  was  16  times  as  great  as  the 
consumption  of  oil  by  a  Willanti  engine  of  equal  power ;  and  I 
think  that  in  many  cases  differences  almost  as  great  as  this  will  be 
observed  between  the  two  types  of  engines.  When  it  is  considered 
that  in  the  close  type  the  only  glands  there  are  to  pack  are  those 
of  the  governor  gland  and  at  the  two  ends  of  the  crank  shaft, 
whereas  in  a  compound  or  triple  open-type  engine  there  are 
certainly  not  less  than  eight  important  glands  to  pack,  and  not 
less  than  20  oiling  points  requiring  separate  attention,  it  will  be 
seen  how  great  the  difference  is.  In  the  case  of  rope-driving  sets 
there  are  in  most  cases  three  dynamo  bearings  to  be  oiled  instead 
of  the  one  bearing  in  the  case  of  the  direct-driven  set,  and  the 
side  strain  on  the  bearings  necessita^tes  nearly  a  fivefold  use  of 
oil. 

Table  VII.  gives  the  cost  of  stores  in  the  same  works  as  Table 
III.,  from  which  it  will  be  seen  that,  whereas  some  of  the  works 
using  direct-driven  plant  have  already  come  within  a  measurable 
distance  of  the  figure  of  0'03d.  for  water  and  petty  stores,  those 
using  belt-  or  rope-driven  sets  are  a  very  long  way  from  it. 
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Table  VII. — Compdriaon  of  Stores^  WageSj  and. 
Superintendence  Coats. 


Works. 

jl 

Stores 

and 

Water. 

Labour 

and 
Superin- 
tendence. 

Description  of  Plant, 

CONVEBTKD  ALTERNATING 

System. 

Newcastle  and  District ... 

A 

0-27 

0-88 

Steam  turbine. 

Leeds        

B 

0-21 

1-37 

Alternators,  rope-driven. 

Bournemouth 

C 

0-27 

1-24 

»♦                >> 

House -to-House      

D 

Oil 

1-25 

»»                 >» 

Newcastle-on-Tyne 

E 

0163 

0-72 

»»                >» 

Metropolitan    

F 

0-24 

0-75 

Mixed  system. 

Eastbourne      

G 

OU 

1-4 

Alternators,  rope-driven. 

Exeter      

H 

... 

... 

M                                ft 

Average .. 

... 

0-24 

119 

Mixed  System. 

City  of  London       

I 

0-23 

0-91 

Mixed  system,  driving. 

Chelmsford      

J 

0-16 

0-94 

ii                 ft 

Converted  Continuous. 

Chelsea    

K 

0-34 

0-77 

Dynamos,  driven  direct. 

Oxford      

L 

0-045 

1-24 

„        rope-driven. 

Direct  System. 
Preston     

Liverpool 

Birmingham    

M 

N 

0 

0-45 

015 
0-17 

1-35 

0-37 
0-82 

(Dynamos,  driven  direct  by 
"1     double-acting  engines. ' 
J  Dynamos,  driven  direct  by 
(    single-acting  engines. 
t*               »f 

Charing  Cross  and  Strand 

P 

0185 

0-61 

»»               »» 

Hove 

Q 

0-2 

1-44 

»»               »i 

St.  James  and  Pall  Mall 

R 

0-130 

0-69 

»»               »> 

Bradford 

S 

0-094 

0-81 

"               t) 

Brighton 

T 

0162 

0  96 

>♦               1 

Kensington      

U 

015 

061 

>♦               »» 

Westminster    

V 

019 

0-95 

*>               11 

Knightsbridge 

W 

0-17 

0-60 

»»               »» 

Average 

Ideal  works -^ 

NtoQ 
StoW 

015 
|.  0-03 

0-72 
0-2 

1891.]  COST  OF  ELECTRICAL   ENERGY.  481 

Items  4  and  5,  Wages  and  Superintendence  in  Works.        cil^mpton. 

On  Table  VII.  I  also  give  these  two  items  for  all  of  the  works, 
showing  a  somewhat  slow  progress  towards  my  ideal  figore  of 
0'2d.  per  unit.  This  table  shows  that  the  lowest  figure  yet 
reached  is  0'38d.  per  unit ;  but,  as  this  figure  is  very  largely  a 
question  of  output,  it  is  certain  that  from  the  increase  of  output 
alone,  and  without  the  introduction  of  any  refinements  having  for 
their  object  the  reduction  of  the  staff  employed  in  the  stations, 
the  wages  and  superintendence  charge  may  be  easily  brought  down. 
It  is  evident,  however,  that  this  charge  must  be  much  higher 
in  the  case  of  belt-  or  rope-driven  machinery  than  is  the  case  with 
direct  driving,  and  Table  VII.  shows  this  to  a  very  marked 
extent.  There  is  every  reason  to  believe  that  with  direct- 
driving  closed-type  engines  1,000  kilowatts  will  demand  the 
services  of  only  one  attendant,  whereas  it  is  doubtful  whether 
with  rope-  or  belt-driven  and  open  engines  one  man  could 
attend  properly  to  more  than  600  kilowatts  of  plant.  This, 
however,  is  only  my  opinion,  as  in  neither  case  has  the  output 
of  any  existing  works  been  sufficiently  large  to  enable  the 
attendants  to  have  their  time  occupied  in  the  most  profitable 
manner ;  it  is  quite  certain,  however,  that  under  present  con- 
ditions the  use  of  accumulator  storage  has  a  most  important 
effect  on  reducing  the  cost  of  attendance.  Whether  this  will  be  so 
in  the  future,  when  the  all-night  loads  begin  to  be  heavy,  I  am  at 
present  not  able  to  say,  but  I  hold  a  very  strong  opinion  that  a 
proper  proportion  of  accumulator  storage  will  even  in  large 
stations  reduce  the  cost  of  attendance  at  least  30  per  cent.,  and 
in  smaller  stations  from  40  to  50  per  cent. 

MaiTitenance. 

I  have  considered  this  part  of  the  subject  with  considerable 
care.  It  is  the  one  point  on  which  existing  opinions  vary  through 
very  wide  limits,  and,  as  far  as  I  can  judge,  opinions  incline  at 
present  in  what  I  believe  to  be  an  unsafe  direction;  that  is  to  say, 
too  much  has  been  made  of  the  extremely  light  cost  of  repairs  of 
existing  works  during  the  few  years  that  they  have  been  running, 
and  figures  have  been  founded  on  this  which  I  am  afraid  will  turn 
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out  to  be  altogether  illusory.  In  all  other  businesses  the  upkeep 
of  boilers  which  require  to  be  periodically  fired  up  and  cooled 
down,  and  which  have  to  be  heavily  fired  at  times  of  maximum 
load,  is  put  down  at  a  figure  varying  from  5  to  10  per  cent, 
on  the  original  cost  of  the  boilers.  The  upkeep  of  steam 
engines  when  worked  at  a  far  easier  rate  than  is  usual  in  electric 
supply  works  is  usually  taken  at  from  3  to  5  per  cent, 
on  their  first  cost;  whereas  the  published  accounts  show  that 
nothing  like  these  figures  have  hitherto  been  spent  on,  or  put 
aside  for,  the  maintenance  of  these  parts  of  the  plant.  I  do 
not  think  that  any  accurate  estimates  can  be  formed  of  the 
ultimate  cost  of  maintaining  electric  generating  and  distributing 
plant,  other  than  on  a  percentage  basis  such  as  I  have  introduced 
in  both  my  previous  papers. 

I  have  therefore  prepared  Table  VIII.  to  show  what  has  been 
my  own  experience  in  this  matter.  This  table  gives  the  actual 
sum  spent  on  the  maintenance  of  various  parts  of  the  plant  of  the 
works  of  the  Kensington  and  Knightsbridge  Company  during  the 
last  four  years  out  of  the  seven  years  that  this  company  has  been 
supplying  electrical  energy.  I  have  given  in  the  table  the 
original  cost  of  each  part  of  the  plant,  and  have  worked  out  the 
annual  percentage  cost  which  the  maintenance  bears  to  the 
original  cost.  As  some  of  the  steam  engines  and  boilers  of  this 
company  have  been  at  work  seven  years,  and  the  bulk  of  the 
plant  has  been  at  work  five  years,  sufficient  time  has  elapsed 
for  the  maintenance  cost  to  have  settled  down  to  the  figure  at 
which  it  is  likely  permanently  to  remain.  As  might  be  expected, 
the  upkeep  of  the  boilers  and  the  accumulators  has  been  more 
costly  than  that  of  any  other  portion  of  the  plant,  but  in 
neither  case  is  the  amount  as  high  as  I  expected  it  would  be. 
The  noticeable  feature  is  the  very  small  sum  spent  on  the 
upkeep  of  the  engines,  of  the  dynamos,  and  of  the  mains. 

The  cost  of  upkeep  of  the  engines  is  confined  to  the  sub- 
stitution of  small  parts  as  they  wear,  by  new  parts  supplied 
from  store.  It  will  be  seen  that  the  upkeep  of  the  dynamos  is 
almost  nil;  but  I  must  direct  particular  attention  to  the  small 
sum  spent  on  the  inspection  and  maintenance  of  the   mains,  as 
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this  vindicates  my  often-repeated  assertions  that  a  well  designed  Mr. 
and  conducted  bare  copper  system  must  cost  less  to  inspect  and 
maintain  than  any  system  of  continuously  insulated  cables.  At 
any  rate,  the  sum  expended  on  mains  as  shown  in  this  table  is 
an  outside  sum,  as  it  includes  many  alteration  items  which  can 
hardly  be  considered  as  fetir  wear  and  tear,  but  rather  in  the 
nature  of  improvements,  and  thus  chargeable  to  capital. 

TaMe  VIIL — Coat  of  MaiTitenance  of  Works  for  a  Period  of 
Fav.r  Fears— 1890,  1891,  1892,  1893. 


Deacripkion  of  Plant. 

OriffioAl  Cort. 

SpeDton 

Maintenance  In 

Four  Yean. 

Per  Cent. 

per  Annum 

on  Cost. 

Buildings       

£ 
16,598 

429 

% 
0-65 

Boilers    

8,124 

1,704 

5-23 

Engines 

9,900 

704 

1-77 

Dynamos       

8,660 

264 

0-76 

Other  plant   

12,868 

968 

1-9 

Accnmnlators 

15,115 

1,968 

8-25 

Mains  and  services 

65,167 

952 

0-36 

Meters    

Total    ... 

6,549 

628 

2-5 

£142,981 

£7,616 

1-35% 

The  maintenance  sum  spent  by  this  company  has  been 
sufficient  to  keep  the  plant  in  absolutely  as  good  order  as  when 
it  was  first  put  down,  and,  as  I  have  just  said,  in  some  cases  has 
enabled  improvements  to  be  introduced  which  have  been  charged 
to  revenue.  This  gives  me  hopes  that  future  experience  will  not 
show  any  marked  increase  in  these  percentage  rates,  but  rather 
the  reverse ;  so  that  the  ideal  figure  I  have  proposed  of  0'4d.  per 
unit,  which  on  5,000,000  units  will  yield  the  very  respectable 
sum  of  £8,300  per  annum,  will  be  a  sufficient  sum  to  maintain 
the  entire  plant  in  perfect  working  order  for  ever. 

I  have  now  taken  you  through  all  the  items  of  cost  of  an 
electrical  supply  works,  and  have  endeavoured,  as  fieur  as  possible,  to 
compare  what  has  been  done  up  to  date  with  an  ideal  possible 
standard.     Whether  this  standard  be  ever  reached  or  no,  I  think 
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it  will  serve  the  useful  purpose  of  holding  before  you  a  goal  which 
we  may  all  strive  to  attain,  and  that  without  the  necessity  for 
bringing  out  any  wonderful  revolutions  in  our  practice,  or,  in  fact, 
doing  anything  but  intelligently  perfect  and  use  our  present 
appliances. 

I  hope  my  efforts  in  preparing  this  paper  will  be  appreciated 
by  those  to  whom  it  is  addressed.  I  personally  have  the  warmest 
sympathy  with  and  admiration  for  the  work  of  the  large  number 
of  young  electrical  engineers  who  are  now  scattered  over  the  various 
supply  works,  and  to  whose  efforts  we  are  indebted  for  the  very 
marked  advance  in  economy  that  I  have  this  evening  brought  before 
you.  I  sincerely  hope  and  trust  that  the  means  I  have  adopted 
of  circulating  the  paper  before  the  meeting  will  have  given  time 
to  these  works  engineers  to  appreciate  some  of  my  points,  so  that 
we  may  have  the  advantage  of  having  the  important  questions 
that  I  have  raised,  ventilated  and  discussed  by  those  who  are 
most  competent  to  do  it,  namely,  the  resident  engineers  of 
electrical  supply  works. 

I  cannot  conclude  this  paper  without  expressing  my  thanks  to 
the  very  large  number  of  gentlemen  who  have  assisted  me  in  my 
labours.  In  order  to  get  together  the  data  necessary  for  the 
production  of  this  paper,  I  have  had  to  visit  a  number  of  stations, 
and  write  a  large  number  of  letters  to  the  engineers  of  stations 
which  I  could  not  visit.  As  it  may  be  the  wish  of  many  of  these 
gentlemen  to  preserve  their  anonymity,  I  do  not  thank  them  by 
name.  As  regards  stations  with  which  I  personally  am  closely 
connected,  the  importance  of  anonymity  is  not  so  great,  and  I 
have  therefore  the  pleasure  in  stating  that  much  of  the  splendid 
results  that  have  been  obtained  from  some  of  my  own  stations — 
the  figures  of  which  no  doubt  some  of  you  have  recognised  in  the 
tables  before  you  this  evening  -  are  due  to  the  continued  hard 
and  intelligent  work  of  Mr.  Miller,  the  resident  engineer  at 
Kensington,  Mr.  Barley,  the  resident  engineer  at  Knights- 
bridge,  and  Mr.  Pott,  the  resident  engineer  at  Chelmsford. 

In  conclusion,  the  art  of  electrical  supply  has  now  passed  from 
the  stage  of  estimate  and  talk  into  that  of  commercial  enterprise. 
What  is  to  be  learnt  from  the  tabulated  results  of  commercial 
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enterprise  I  have  endeavoured  to  bring  before  you,  with  the  main  Mr. 

Crcmpton. 

object  of  showing  what  are  the  possibilities  of  cheapening  elec- 
trical supply  in  the  immediate  future,  as  I  feel  strongly  that,  if  we 
electrical  engineers  are  to  play  our  part  in  making  this  an  elec- 
trical age,-  the  electrical  supply  must  be  so  carried  on  that  the 
poorest  can  avail  themselves  of  it  as  well  as  their  richer  neigh- 
bours. Once  this  is  done,  many  of  the  problems  of  electrical 
supply  will  be  simplified.  I  think  most  engineers  will  agree  that 
it  is  a  fsir  easier  and  more  satisfactory  matter  to  supply  elec- 
tricity to  small  consumers  than  to  large  ones ;  and  it  is  certain 
that  when  electrical  supply  can  be  extended  to  small  tenements, 
it  will  have  a  very  powerful  influence  in  increasing  the  material 
comfort  of  the  poor.  In  fact,  I  may  say  that  until  electric  supply 
becomes  general  I  consider  we  have  only  touched  the  fringe  of 
onr  task. 

I  say  this  because  I  think  it  quite  possible  that  some  of  my 
critics  will,  divert  the  discussion  into  side  issues.  I  hope  I  have 
made  it  clear,  however,  that  it  is  only  by  careful  study  of  the 
wider  problems  connected  with  economical  use  of  fuel,  economical 
use  of  steam,  and  economy  in  maintenance,  that  such  future 
cheapening  is  to  be  looked  for. 

Mr.  J.  S.  Raworth  :  I  imagine,  Sir, that  this  is  the  most  compre-  Mr. 
hensive  paper  upon  the  question  of  costs  and  maintenance  of  works 
that  has  ever  been  laid  before  this  Institution.  I  have  read  it  care- 
fully through  from  one  end  to  the  other,  but  very  far  from  digested 
it.  In  fact,  it  seems  to  me  to  include  very  nearly  the  whole 
education  of  an  electrical  engineer ;  and  it  will  be  a  very  long  time 
before  we  have  all  of  us  put  it  into  actual  i>ractice  in  the  way  of 
obtaining  the  ideal  which  Mr.  Crompton  has  so  obligingly  and 
ably  laid  before  us.  I  find,  Sir,  in  this  paper  only  two  lines  that 
are  absolutely  superfluous:  those  are  the  lines  in  which  Mr. 
Crompton  exi)resses  a  hope  that  his  efforts  to  put  these  figures 
and  facts  before  us  will  be  appreciated  by  this  Institution.  On 
what  occasion  did  Mr.  Crompton  ever  speak  to  this  Institution 
without  being  appreciated?  Mr.  Crompton  always  gets  our 
attention — firstly,  because  he  is  one  of  our  most  eminent  engineers, 
but  principally  becaust*  he  is  such  a  magnificent  sportsman.     Mr. 
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Mr.  Crompton  is  never  satisfied  with  writing  a  paper  and  saying  to 

himself^  "  This  is  a  paper  which  everybody  will  agree  with,  and 
"  everybody  admire ; "  but  he  spots  it  all  over  with  little  pin- 
points. He  puts  a  little  bit  of  a  curl  on  the  point  of  a  diagram, 
and  says,  "  That  will  fetch  Kapp !  If  it  does  not  fetch  him,  it  will 
"  fetch  Dr.  Thompson ! "  And  then  he  squirls  in  a  little  about 
alternating  currents,  and  says,  "  That  will  fetch  Mordey,  or,  if  not 
"  him,  Kaworth !  **  On  this  occasion  I  have  begun  first ;  but  I 
have  no  doubt  the  others  will  follow  fast  enough  afterwards. 
Now  I  find.  Sir,  there  are  various  points  to-night  in  which  1  take 
a  very  great  interest.  Mr.  Crompton  has  never  spoken  to  the 
Institution  on  the  question  of  engines  or  boilers  without  my  either 
disagreeing  with  him  or  giving  him  some  advice.  I  find  it  a 
very  pleasant  task  to  be  able  to  notice  to-night  that  he  has 
taken  some  of  the  advice  I  gave  him  on  a  former  occasion — 
viz.,  to  throw  up  Lancashire  boilers  in  favour  of  Babcock  boilers. 
But,  without  going  into  details  at  the  present  moment,  I  should 
like  to  look  at  the  broad  points  of  the  paper,  which  are  really  the 
most  interesting  points ;  and  that  is,  his  endeavour  to  show  the 
possibility  of  reducing  the  cost  of  electricity  to  3d.  per  imit  to 
the  consumer.  He  arrives  at  the  figures  he  gives  us  by  first  of 
all  trying  to  reduce  the  capital ;  secondly,  by  increasing  the  output, 
and,  thirdly,  by  using  better  engines,  boilers,  and  dynamos.  At 
first  I  thought  the  figure  of  2s.  capital  expenditure  per  unit  sold 
per  annum  was  scarcely  justified ;  but,  on  looking  into  the  matter, 
I  find  Mr.  Crompton  was  perfectly  justified  in  putting  that  figure 
before  us,  for  at  Bradford  and  at  Newcastle  they  already  deliver 
8  units  per  sovereign  of  capital  exj>ended.  The  next  best  on  the 
list  is  St.  James's,  6  units,  and  St.  Pancras,  5  units  per  i)Oimd  of 
capital  expended.  Then  we  come  to  Bournemouth,  Westminster, 
and  Charing  Cross,  who  deliver  4^  units  per  pound  of  capital 
expended ;  the  Metropolitan,  Kensington,  and  Liveri)ool  give  4 ; 
and  last  of  all  come  Preston  and  Oxford,  2.  Of  course  it  would 
be  unfair  to  attempt  to  apply  the  moral  of  these  figures, 
because  the  circumstances  are  so  remarkably  various;  but 
Oxford,  which  I  believe  is  set  up  as  a  perfect  system,  apjiears  to 
cost  rather  too  much  to  be  likely  to  pay  a  dividend  to  its  sliare- 
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holders.  One  very  important  point  Mr.  Crompton  has  conceded  Mr. 
to  U8  in  this  paper  is  in  con^ection  with  coal.  You  probably  are 
aware  that  some  year  or  two  back  Mr.  Crompton  put  forward  a 
table  in  which  he  corrected  all  the  prices  per  unit  for  coal 
exi)enditure  by  sifting  them  out  in  terms  of  their  respective 
values  in  British  thermal  units,  and  bringing  them  all  up  to  one 
level,  and  showing  what  the  cost  for  coal  would  be  in  each  station 
if  the  coal  values  were  so  corrected.  I  then  pointed  out  that 
the  hydrogen  was  practically  of  no  use.  Although  it  coimted 
in  the  table,  it  did  not  count  in  the  boiler.  I  see  now 
Mr.  Crompton  has  fallen  in  entirely  with  my  view.  With 
regard  to  the  boiler  question,  it  is  only  of  late  years  that 
we  have  had  the  great  advantage  of  ha\'ing  accurate  tests  carried 
out  by  Professor  Kennedy  and  one  or  two  others  in  whom  every- 
body puts  the  greatest  reliance.  My  connection  with  the  Babcock 
boiler  goes  very  much  further  back  than  that.  The  first  time  I 
saw  one  was  in  a  shop  window,  behind  a  piece  of  plate  glass,  in 
Manchester,  somewhere  about  1880  or  1881 ;  and  when  I  saw  it 
I  said,  "  That  is  the  boiler  for  my  money ! "  and  I  have  never 
bought  any  other  boiler  since,  except  under  compulsion.  I  can 
say  perfectly  honestly  that  these  boilers  have  given  me  most 
perfect  satisfaction  from  that  day  to  this.  I  think,  taking  all 
the  boilers  I  have  put  down  since  that  date  together,  they 
represent  considerably  more  than  half  the  Babcock  boilers  that 
have  been  sold  in  this  country ;  and,  with  the  exception  of  one 
boiler,  where  from  some  extraordinary  cause,  never  accounted  for, 
three  tubes  burnt  out  closely  following  one  another,  I  have  never 
had  any  serious  trouble  whatever.  I  quite  agree  with  Mr. 
Crompton  when  he  states  that,  contrary  to  what  every  boiler 
maker  tells  us,  Babcock-Wilcox  boilers  do  not  give  wet  steam. 
It  is  one  of  the  calumnies  that  is  constantly  put  before 
engineers  and  users  that,  whatever  beautiful  features  the 
Babcock  boilers  may  have,  they  give  wet  steam ;  and  that,  of 
course,  in  the  eyes  of  the  people  who  have  to  work  electric 
lighting  plants,  is  a  very  bad  fault  indeed.  I  wish  to  refer  for 
one  moment  to  the  question  of  engine  efficiency,  upon  which  Mr. 
Crompton  puts  such  very  great  stress ;  and  I  agree  with  him  that 
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^Worth  ^*  ^^  ^  matter  of  the  very  first  importance  that  the  indicated  H.P. 
we  get  in  the  engine  should  be  transmitted  to  the  dynamo,  and 
given  out  in  imits  the  maximum  possible.  Mr.  Crompton 
was  one  of  the  first  to  put  the  theory  of  direct  coupling 
into  practice,  and  we  owe  him  very  great  credit  for  the 
initiative,  and  for  the  example  that  he  has  set  us  in  that 
direction.  I  can  assure  Mr.  Crompton  that  we  who  have 
to  build  alternating-current  plant  would  have  followed  his 
example  long  since  if  it  had  been  possible ;  but  in  the  early  days 
of  the  alternating-current  industry  we  could  not  get  the  money  to 
do  it ;  and,  in  the  next  place,  we  did  not  see  our  way  to  do  it, 
because,  as  you  all  know,  you  cannot  run  an  alternator  at  any 
speed  you  like.  You  have  to  run  it  at  a  speed  which  is  in  accord- 
ance with  the  periodicity  of  the  system  you  have  chosen ;  therefore 
we  had  to  find  some  other  means  of  driving,  and  we  took  to  rope 
driving,  which  has  been  pretty  generally  adopted.  But  we  found 
that  the  sooner  we  could  get  rid  of  the  ropes  the  better,  because 
they  were  losing  us  6  per  cent,  all  the  time  they  were  nmning— 
not  6  per  cent,  on  the  load  only,  but  6  per  cent,  as  a  solid  loss. 
Therefore,  as  soon  as  we  could  see  our  way  to  do  it,  we  abandoned 
the  rope  driving  and  came  on  to  the  direct  driving;  and  if 
Mr.  Crompton  will  give  us  further  statistics  on  this  subject  at 
some  other  time,  I  hope  the  alternating-current  plant  figures  will 
come  out  better  than  they  have  done  now,  because  the  generally 
accepted  method  of  rope  driving  will  have  disappeared  to  a  very 
great  extent,  and  direct  driving  will  have  taken  its  place.  Then 
we  come  to  the  engine  loss.  Mr.  Crompton  is  a  very  great 
admirer  of  the  Willans  engine,  and  very  rightly  so :  it  has  stood 
the  engineer  in  very  great  stead,  and  I  admire  it  very  much 
indeed ;  but  when  he  says  it  is  particularly  efficient  firom  the 
point  of  view  of  mechanics  he  is  under  a  wrong  impression. 
I  know  perfectly  well  the  efficiency  obtained  is  89  j  or  90 
per  cent.,  which  is  a  very  good  efficiency;  but  it  is  owing  to 
the  fact  that  makers  of  ordinary  vertical  double-acting  engines 
have  not  been  in  the  habit  of  testing  the  efficiency  of  their 
engines  that  the  idea  arose  in  people's  mind  that  the 
efficiency  claimed  by  Willans  &  Robinson  was  the  top  efficiency. 
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Now  I  can  get,  and  anybody  can  get,  from  an  ordinary  vertical  gr. 
double-acting  engine  92  per  cent.  They  can  easily  get  it 
with  no  trouble  whatever.  You  need  not  make  any  special 
arrangements.  Of  course,  if  your  piston  rings  are  too 
tight,  you  cannot  get  it ;  but  if  you  follow  the  ordinary  rules  of 
engine  designing  by  putting  the  engine  bearings  close  together, 
thus  doing  away  with  the  necessity  of  making  the  crank  shaft 
too  large,  and  if  you  do  not  use  large  unbalanced  slide  valves  and 
too  tight  pistons,  you  will  get  92  per  cent,  efficiency  right  off, 
without  the  slightest  trouble  in  the  world.  The  reason  why  the 
idea  has  grown  up  that  Willans's  engine  is  more  efficient  than 
ordinary  engines,  is  that  those  ordinary  engines  that  have  gone 
through  accurate  tests  have  usually  been  horizontal  engines,  and 
in  such  cases  you  find  this  very  objectionable  mechanical  feature  : 
you  find  two  pistons  weighing  perhaps  each  a  ton,  and  you  have 
to  drag  these  heavy  bodies  of  iron  backwards  and  forwards  on  the 
bottom  of  the  cylinders  at  the  rate  of  500  or  600  feet  a  minute, 
without  any  wheels  on  them.  That  is  the  reason  why  the 
Willans  engine  is  so  much  more  efficient  than  ordinary 
horizontal  engines.  But  I  wish  to  point  out  the  Willans  engine 
is  extremely  efficient  on  the  down  stroke ;  it  is  only  on  the  up 
stroke  it  loses  its  efficiency,  because  when  the  piston  is  going  back 
and  doing  no  work  it  has  to  overcome  the  same  frictional 
resistance  as  on  the  down  stroke.  Therefore,  if  you  could 
retain  all  the  advantages  it  now  has,  and  make  it  double- 
acting,  the  probability  is  its  efficiency  would  go  up  to  95 
per  cent.  I  must  point  out,  with  regard  to  the  figures  relating 
to  the  efficiency  of  distribution  which  Mr.  Crompton  has  given 
lis,  where  they  refer  to  alternate-current  systems  he  has  fallen 
into  a  serious  error.  I  will  leave  it  to  our  experts  to  define 
the  exact  amount  of  the  error ;  but  it  is  important  to  note  that  in 
the  central  stations  the  engineers  simply  take  the  amperes  multi- 
plied by  the  volts  as  their  output.  As  a  matter  of  feet,  the  real 
output  is  less  than  this  by  probably  12  per  cent.;  so,  if  the  figures 
were  corrected  by  using  accurate  wattmeters,  the  efficiencies  of 
distribution  given  in  the  paper  would  rise  to  much  higher  values. 
Another  point  is  that  the  alternating-current  system  is  used  in 
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^-  districts  which  are  not  comparable  with  the  districts  where  they 

use  continuous  currents.  Take  Bournemouth,  for  instance,  which 
has  miles  upon  miles  of  wires  in  all  directions — in  fact,  you  can 
scarcely  see  from  one  house  to  the  next  where  they  use  electric 
light — and  compare  it  with  the  electric  light  in  St.  James's,  where 
distribution  is  not  more  diflScult  than  in  a  large  hotel.  So  you  see 
that,  although  these  figures  are  very  valuable,  unless  you  have  a 
great  deal  of  local  knowledge  as  to  the  conditions  existing  in 
each  case,  it  is  almost  impossible  to  form  a  perfectly  accurate 
conclusion. 

But,  Sir,  Mr.  Crompton  does  something  for  this  Institution  that 
nobody  else  does  for  it.  We  have  a  good  many  professors  and 
mathematicians  and  paper  readers,  but  we  have  only  one  prophet. 
We  have  only  one  man  amongst  us  who  will  ever  run  the  risk  of 
exposing  himself  to  the  obloquy  of  his  prophecies  not  coming  true. 
He  knows  when  he  makes  them  that  he  runs  that  risk,  and 
although  many  of  his  prophecies  are  fulfilled,  to  his  great  credit 
and  renown,  yet  occasionally  some  of  them  do  not  turn  out 
correct ;  and  I  think,  when  we  have  a  prophet  amongst  us  who  will 
undertake  such  risks  for  the  benefit  of  his  more  short-sighted 
brethren,  we  ought  to  give  him  the  highest  honours  that  this 
Institution  can  bestow. 

The  Chairman  :  Time  will  not  permit  of  our  continuing  the 
discussion  on  this  important  paj>er  any  further  this  evening,  and 
it  must  therefore  be  adjourned  until  our  next  meeting  on  the 
10th  May. 

I  have  to  announce  that  the  scrutineers  report  the  following 
candidates  to  have  been  duly  elected : — 

Associates  : 

Christopher  Charles  Hart,  jun. 


John  Henry  Bale. 
Arthur  Bentley. 
William  Clay. 

Archie  S.  Cubitt. 
Albert  Alexander  Horn. 


Peter  Charles  Middleton. 
Benjamin  Young. 

Stttdents : 

Owen  DaWd  Lucas. 
Percival  Thomas  Moor. 


The  meeting  then  adjourned. 


7^ 

-7 

y 

3  6 

__     5 

,4 
2 



To 

ie  Supply  C?L? 
t  for  December  9*^  1693. 


.  t 

V 

^ 

Privi 

t«Ml 

1 

jflaai 

1^ 

5 

{ 

S 

1 

9 

4U 


ABSTRACTS. 


P.  UPPBHBDBH— THE  CENTRAL  STATIONS  OF  MESSRS. 
SCHUCKERT  &  CO.:  No.  VI.— AIXLA-CHAPELLE. 

{ElektroUchnische  Zeitschrift,  1894,  No  11,/?.  145.) 

This  article  contains,  among  other  detailed  information  about  the  station,  a 
rerj  interesting  tabic  containing  the  results  of  the  tests  carried  out  in  March,  1898, 
with  the  plant,  and  of  which  an  abstract  is  given  below.  The  boilers  are  by 
Fiedboeof,  of  Aix-la-Chapelle,  and  are  doable,  having  a  lower  boiler  for  water  and 
an  upper  one  for  the  steam.  The  lower  has  two  tubes  like  a  Lancashire  boiler,  and 
the  products  of  combnstioa  are  pass3d  through  86  tubes  in  the  upper  compartment 
The  engin-s  are  triple-expansion  and  condenslDg,  and  the  dynamos  direct-coupled. 
The  following  table  is  for  eight  hours  run  in  erery  case : — 


I — Steam  Ehgikk  Trials. 


Macuixk  1. 

Uaciiimk  2. 

Normal 

Maximum 
Load. 

Normal 
Lovi 

Maximum 
Load. 

Mean  speed     

121-22 

121-23 

120  89 

120-51 

Mean  output    indicated   in  high- 
pressure  cylinder  in  German  H.  P. 

11313 

130-21 

12476 

137-16 

Mean  output  indicated  in  middle 
cylinder       

102-39 

116-59 

102-95 

119-52 

Mean  output  indicated   in  low- 
pressure  cylinder       

174  83 

206-40 

172-86 

201-70 

Total  indicated  H.P 

389-85 

453-20 

400-07 

453-38 

Effective  H.P. 

346-0 

407-41 

855-0 

416-80 

EflBdency,  per  cent,       

88-8 

90  0 

89-0 

91  0 

Electrical  output    

815-63 

378-97 

820-0 

381-5 

EflSciency  of  steam  dynamo 

81-7 

83^ 

825 

83-0 

Water  consumption,  kg 

22,388 

25,593 

24,758 

28,848 

Steam    consumption    (kg.)    per 
effective  H.P. -hour    

7  35 

7-88 

7-60 

7-54 

VOL.   XXIII. 


31 
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II. — BoiLBB  Tests. 


Prenare  (atmospheres) 

Texcperature  of  feed  water,  deg.  C. 

Coal  consumption  (coal  of  7,856 
calories},  Kg 

Steam  per  kg.  net  of  coal     

Temperature  of  products  of  com 
bastion,  degrees  C 

Draught  in  mm 

Percentage  of  carbon  dioxide 


NOS.  I.  AKD  II. 


Nomud.        Mftxiniuro. 


10-86 
87  0 

2,588 
9-87 

148 
5-5 
18 


110 
40-7 

2,796 
1012 

140 
5-8 
18 


No8.  HL  A5D  rv. 


Normal.         iffMrim^m. 


10-98 
29-6 

2,830 
9-58 

160 
6-0 
14 


10-7 
40-0 

3,142 
9-88 

140 
6-6 
14-5 


III. — Dynamo  Tests. 


Mean  current^  amperes 

Mean  output,  kilowatts ... 

Mean  electrical  output  per  I.II.P, 
(German)  in  watts 


Dtkamo  L 

Dtkamo  II. 

Normal. 

Maximum. 

927-6 
276-93 

615-46 

Normal. 

Maximum. 

•••        ... 

I.U.P. 

667-21 
232-8 

596-4 

655-88 
236-48 

690 

9511 
280-98 

615 

The  momentary  speed  variation  for  25  per  cent,  change  of  load  was  2^  per 


cent 


B.  SCHUI.TZ-DIRECT.CURRENT  POWER  TRANSMISSION 
BY  SERIES  MACHINES. 

(EUktrotechnische  ZeiUchrift,  1894,  No.  10,  p,  137.) 

This  article  contains  an  account  of  various  work  cairled  out  in  Germany  under 
'the  abore  scheme  by  the  Deutsche  Elektricitats-Werke  at  Aix-la-Chapelle.  The 
author  points  out  the  cases  in  which  the  system  is  useful.  The  chief  adrantage 
of  the  series  motor  lies  in  the  fact  that  the  magnet  coils  have  only  a  small  part  of 
the  total  potential  difference  between  their  terminals,  and  consequently  much 
higher  pressure  can  be  used  than  with  shunt-wound  machines  without  similarly 
endangering  the  coirs  insulation.  Other  advantages  are  the  fact  that  the  series 
machine  has  a  greater  efficiency  with  var}'ing  loads;  and,  finally,  the  great  starting 
torqne  and  the  invariable  position  of  the  brashes. 
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P.  UPPBHBOBH— THE  CENTRAL  STATIONS  OF  MESSRS. 
SIEMENS  &HALSKE:  Na  III.— STOCKHOLM. 

CElektrotechmsche  Zeitschrift,  1894,  No,  9,  p,  118.) 

This  station  was  began  in  Octob.r,  1890,  and  the  trial  runs  took  place  in  July, 
1892,  the  works  being  opened  on  the  Ist  of  September  of  that  year.  The  buildings 
have  accommodation  for  the  completed  plant,  but  the  engine  room  and  accumu- 
lator house  are  only  calculated  for  half  the  amount.  The  boilers,  dynamos  and 
eng'ner,  and  accumulators  are  at  present  capable  of  supplying  10,000  SO- watt 
lam  pa 

In  the  boiler  house  there  are  fitted  two  Babcock  A  Wilcox  water  tube  boilers 
of  heating  surface  of  1,870  square  feet ;  and  room  is  provided  for  fire  more  of  the 
same  size.  Every  boiler  has  96  tubes  of  102  mm.  diameter  and  about  16  feet  long, 
divided  into  12  groups  of  eight  tubes.  The  loilers  all  fe?d  into  a  common  steam 
service  pipe,  having  a  branch  to  every  steam  engine.  The  boilers  are  fed  by 
Worthington  duplex  pumps,  which  take  the  feed  water  from  a  reservoir  below, 
which  receives  the  condensation  water.  The  fuel  used  is  coke  from  the  town  gas- 
works. The  steamini;  tests  giive  for  every  kilogramme  of  coke  (deducting  ash) 
7*17  kilogrammes  of  steam,  containing  2  per  cent,  of  moisture. 

The  two  steam  engines  now  working  are  made  by  W.  Lindberghs  Co.  in 
Stockholm,  and  are  marine  triple-expansion  condensing  enginei.  Their  normal 
output  is  250  H.P.,  and  can  be  raised  to  310  HP.  as  a  maximum.  The  cylinders 
are  371,  594,  and  9a5  mm.  in  diameter  respectively.  At  the  trials  these  engines 
gave  a  consumption  of  o'Ol  kilogrammes  of  steam  per  I.H.P.  at  the  normil  load, 
and  6 '16  kilogrammes  at  the  maximum  output 

Each  engine  is  directly  coupled  to  a  dynamo,  the  inside-pole  machine  of 
Siemens  &  Halske.  These  dynamos  have  six  poles,  and  develop  340  volts  and  670 
anoperes  at  100  revolutions.  At  the  trials  the  output  was  330  volts  x  686  amperes  for 
361-4  I.H.P.  (German  H.P.  -  736  watts).  They  wera  run  for  24  hours,  and  the 
rise  of  temperature  of  the  armature  was  35°  C,  and  that  of  the  field  magnet  coils 
2r.  The  engine  room  has  room  for  another  similar  dynamo  of  600  H.P.,  and 
there  is  ground  for  enlargement.  The  batteries  cons'st  of  280  Ilagen  accumulator 
cells,  arranged  as  two  double  batteries,  and  the  three-wire  capacity  of  the  whole 
is  2,500  ampere-hours.  The  regulating  arrangements  are  as  usual,  and  the  regu- 
lation is  done  by  hand.  The  feeders  are  connecteJ  to  the  omnibus  bars  by 
automatic  resistance  regulators.  The  cables  are  armoured  and  lead-covered,  laid 
direct  in  the  jp^Dund  in  general,  but  In  iron  pipes  where  requiring  protection.  The 
main  house  fuses  are  so  arranged  that  the  house  can  be  put  on  either  tide  of  the 
middle  wire  as  required. 
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jarOH.— STATISTICS  OF  EUROPEAN  ELECTRICAL  RAIL  AND 
TKAM  WAYS  TO  JANUARY,  1894. 

(^EUktrotcchnische  Zeitschrift,  189 1,  No.  12,/).  170.) 

The  foUowinf;  table  shows  the  tramways  working,  or  baildinjr,  in  Earape  np 
to  Jannarj,  1894  :— 


WOKKIKO. 


OOUHTRT. 


Germany 

England 

Anstria 

Belginm 

Spain  ... 

France 

Italy    ... 

Ronmania 

Russia... 

Servia ... 

Sweden  and  Norway. 

Switzerland    ... 

Totals 


Len^h,  Km. 

Power  Id  Kilowatt*. 

102  0 

2,934 

714 

2,993 

33-4 

1,115 

3-2 

90 

14-0 

210 

41-4 

i,:9G 

13  0 

720 

3-0 

9) 

— 

— 

23G 


706 


BL'ILDIKO. 


Leng^,  Km. 


305  0 


10,054 


173-9 


305 

10,054  kUo watts. 

638 

151 

089 

2 

... 

81 

... 

8 

... 

2 

601 
214 

17-.S 

29-0  I 


7-0 
10-0 

0-5 
10  0 


The  following  figures  relate  to  rail  and  tram  ways  working:— 

Number  of  lines 

Total  length,  kilometres 

Total  power  of  stations 

Number  of  motor  cars  and  locomotives 

Number  of  trailing  cars 

Total  cars 

As  to  system,  the  following  figures  are  given  :— 

Accumulator  lines 

Overhead  conductors  

Middle  conductor     

Underground  conductor      

The  greatest  plant  capacity  is  that  of  the  station  of  the  City  and  South  Loudon 
Railway,  with  1,200  kilowatts;  next,  the  Liverpool  Overhead  Railway,  with  900 
kilowatts.  The  maximum  gradients  for  ordinary  lines  are  10.5  p:r  cent.,  and  for 
toothed  wheels  up  to  25  per  cent. 


0 
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aSBOSA,  TJXZJ,  and  MAZ<^HYST£R£SIS  IX  MAGNETIC  METALS. 

(Beibldttir,   VW.  18,  No,  3,  p.  375  )  ':'    '  '- 

Thin  rods  of  hardened  or  soft  wro»ght  iron,  steel,  and  nickel  were  sabjccled  to 
increasing  or  decreasing  magnetic  fields  while  traversed  hy  const  nt  or  alternating 
cnrrents,  and  the  intentity  of  magnetisation  was  measured  hy  a  magnetometer. 
The  authors*  results  are,  briefly,  as  follows: — 

A  direct  current  flowing  in  the  rod  from  the  north  to  the  south  pole  always 
diminishes  the  intensity  of  magnetisation  produced  by  the  field.  Interrupted 
currents  (always  flowing  in  the  same  sense)  increase  the  effect  of  weak  fields  (10-18 
C.G.S.  units),  and  diminish  that  of  stronger  ones ;  in  the  casj  of  nickel,  the 
effect  of  all  fields  is  diminished.  On  the  other  hand,  constant  or  interrupted 
direct  currents  flowing  from  tie  Eouth  to  the  Dcrth  jole  increase  the  effect  of  the 
magnetic  field.  Alternating  currents  increase  considerably  the  effects  of  weak 
fields,  even  when  the  rod  had  previously  been  traversed  by  constant  or  int:rrupted 
direct  currents  in  either  direction ;  but  with  greater  strength  of  field  an  increase 
occurs  only  when  the  rod  has  not  been  previously  traversed  by  a  current  from  nortlv 
to  south  pole;  in  the  other  case  the  alternating  current  diminishes  the  effects. 
The  authors  conclude  from  this  that  a  current  flowing  in  the  wire  makes  a 
permanent  alteration  in  it,  which  cannot  be  got  rid  of  by  Auerbach^s  method  of 
demagnetisation. 

The  curves  representing  the  intens'ty  of  magnetisation  of  rods  traversed  by 
cnrrents  as  a  function  of  the  strength  of  field  have  less  decided  points  of  inflection, 
than  those  tiken  with  rods  not  carrying  currents;  and  thij  effeet  becomes  more 
and  more  obvious  when  constant,  interrupted,  or  alternating  currents  are  used,  and 
when  the  ratio  of  tfiis  current  to  the  strength  of  field  increases.  This  effect  is 
more  evident  in  the  case  of  soft  wrought  iron  than  in  hard  iron,  nickel,  or  steel  '^. 
for  example,  with  an  alternating  current  of  3  amperes  the  hysteresis  c^cleof 
soft  T.rought  iron  completely  disappeared. 

In  a  second  series  of  experiments  the  magnetised  rod  is  surrounded  by  a  little 
spiral  of  fine  wire,  through  which  an  alternating  current  passes  during  the  time 
that  the  magnetic  field  is  in  action.  With  a  very  small  altcmaiing  current  the 
hysteresis  cycle  completely  disappears.  It  appears  the  mora  remarkable  that,  on 
the  other  hand,  the  intensity  of  magnetisation  produced  by  weak  fields  is  decreased 
by  the  alternating  current  flowing  in  the  above  manner.  The  curve  representing 
under  these  circumstances  the  intensity  of  magnetisation  of  the  iron  up  to 
saturation  is  not  very  divergent  from  a  stra^'ght  line. 


P.    KOKLBAUSCH-SOME    FORMS    OF    ELECTRODES    FOR    THE 
DETERMINATION  OF  THE  RESISTANCE  OF  ELECTROLYTES. 

(  Wiidemanni  Annaien,  Vol.  51,  xVo.  2,/).  346  ) 

The  author  describes  threa  forms  of  electrodes  wh'ch  may  serve  to  determine 
the  electrical  conductivity  of  liquids  without  removing  them  from  their  bottles  or 
other  containers.    In  preparing  them  he  uses  the  fact  that  well-platinised  electrodes 
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may  be  made  smaller  than  is  usual  without  fear  of  polarisation.  In  order  to  make 
the  determinations  of  resistance  independent  of  the  depth  to  which  the  electrodes 
are  lowered,  or  the  area  of  the  liquid,  and  to  protect  the  electrodes  from  mechanical 
damage,  the  latter  are  placed  in  a  small  glass  protecting  tube,  open  at  the  bottom, 
and  having  a  small  hole  at  the  top.  The  connections  are  carried  bj  means  of 
small  glass  tubes  with  platinum  wire«  sealed  into  their  ends,  filled  with  mercurj. 
The  whole  length  of  the  system  is  20-30  cm.,  its  diameter  about  20  mm.,  so  as  to 
be  conveniently  small  for  placing  in  bottles,  and  so  on. 

Of  the  tbree  kinds  described,  the  first  sen-es  for  the  determination  of  the  con- 
ductivity of  badly  conducting  liquids  ;  the  electrodes  are  flat,  about  1  square 
centimetre  in  area.,  and  are  Arranged  parallel  to  one  another  about  1  ram.  apart. 
They  can  be  used  for  pure  water,  resistance  about  100,000  ohms,  and  down  to 
saline  solutions  of  about  100  ohms. 

The  second  kind  is  for  very  badly  conducting  liquids— for  example,  water — 
when  a  resistance  of  100,000  ohms  is  not  suitable  for  the  measuring  instruments. 
The  electrodes  are  concsntric  cylinders  made  of  {ilatinnm  sheet  about  3  cm.  high. 
With  this  arrangement  water  is  reduced  to  10,000  ohms  at  mofl%  and  can  be 
measured  with  simple  instrumentn. 

The  third  kind  is  for  good  conductors,  and  consists  of  two  plates  2  cm.  long, 
arranged  below  one  another  5-10  cm.  apart  in  the  guard  tube,  or  even  outside 
and  inside  for  very  good  conductors.  This  arrangement  does  not  utilise  all  the 
portions  of  the  electrodes  equally,  but  practice  shows  no  trouble  from  polarisation 
if  the  above  dimensions  are  nsed. 


M.  DU  BOZS— A  RING  ELECTRO-MAGNET  FOR  THE  PRODUCTION 
OF  INTENSE  FIELDS. 

(  Wiedemann*9  Annalen,  Vol,  61 ,  No.  3,  />.  537.) 

Hitherto  certain  types  of  electro-magnet,  especially  the  well-kno^vn  form  of 
Rhnmkorff,  chiefly  of  empirical  design,  have  been  used  for  the  production  of  the 
intense  flelds  required  for  many  physical  researches,  but  few  of  these  produced 
flelds  greater  than  28,000-30,000  C.G.S.  units.  The  author  described  at  the 
Frankfort  Congress  in  1891  the  principle  on  which  it  would  be  possible  to  obtain 
still  higher  densities ;  and  describes  in  the  present  article  a  ring  electro-magnet 
made  for  him  by  Siemens  &  Halske,  and  which  produces  a  strength  of  field  of 
38,000  C.G.S.  unita 

In  the  design  of  such  an  apparatus  it  is  true  that  the  rules  followed  for  the 
magnet  systems  of  dynamos  are  generally  binding;  but  economy,  safety,  and 
accessibility  for  repairs  are  of  much  less  importance.  The  chief  object  is  to  get 
as  near  as  posible  to  saturation  point  of  the  magnetisation.  Owing  to  the  neces- 
sary air  space  between  the  pole',  the  magnetic  resistance  of  the  core  cannot  foil 
below  a  certain  limit,  so  tha*^  the  highest  obtainable  flow  of  induction  can  only 
be  reached  by  increnslng  t>  j  ampere-turns,  and  this  can  be  done  all  round  the 
magnetic  circuit.     On  therretical  grounds  it  is  desirable,  chiefly  for  the  prevention 


ABSTRACTS.  447 

of  leakage,  to  give  the  magnetic  circuit  tlie  form  of  a  radially  split  ring,  and  to 
eiOwd  the  indootioii  by  means  of  conical  pole-pieces.  The  iron  ring  has  a  mean 
radios  of  25  cm.,  and  its  section  a  mean  radius  of  5  cm.  In  the  usual  position  the 
ring-rests  on  its  supports  in  such  a  manner  as  to  bring  the  air  gaps  yertical  which 
diride  it  into  two  halves.  The  lower  slit  has  a  means  of  rotnting  the  halves  of  the 
ring  in  such  a  manner  as  to  increase  or  decrease  the  distance  between  the  pole- 
pieces  above,  and  they  are  clamped  in  position  by  a  screwed  brass  distance-piece ; 
and  with  very  small  gaps  plates  of  brass  are  used,  placed  between  the  pole-pieces. 
For  the  purpose  of  magneto-optical  observations,  the  riqg  is  Ixured  horizontally 
where  the  pole-pieces  are  screwed  on,  the  hole  being  usually  filled  with  a  loose 
piece  of  iron.  The  ampere- tnrns,  when  warm,  are  108,000,  or  H  «  136,000  C.G.S. 
units. 

The  pole-pieces  provided  are  flat,  plate-shaped,  and  conical.  The  best  angle 
of  cone,  according  to  Von  Stefan,  Ewing,  and  Low,  is  54°  44^.  The  author  finds 
thai  it  is  sufficient  if  the  angle  lie  between  57°  and  63°.  The  plain  cone  is  better 
than  one  with  the  sides  concave  or  convex.  With  blunted  conical  pole-pieces  of 
diameter  a  of  the  blunted  point  the  following  fields  were  attained  :«- 

For  a  -  5  mm ,  H  «  36,800  C.O.S.  ^ 

a  «  3  mm.,  H  »  38,000  „ 
Such  a  large  field  can  naturally  only  be  attained  by  sacrificing  its  size,  and  all 
experiments  must  be  conducted  in  a  space  only  a  few  millimetres  long.  As  the 
winding  used  nearly  5,000  watts,  the  current  could  only  be  on  for  a  short  time,  and 
therefore  ballistic  methods  of  determining  intensity  cannot  be  used.  For  pole- 
pieces  wider  apart,  therefore,  the  optical  method  was  used.  The  holes  alluded  to 
above  were  covered  with  glass,  and  water  was  placed  by  means  of  a  waterproof 
cloth  between  the  poles.  The  rotation  of  the  polarisation  plane  of  sodium  light 
so  brought  about  was  observed,  and  the  magnetic  difference  of  potential  calculated 
by  means  of  Verdet^s  constant.    The  thin  glass  covers  have  no  appreciable  effect. 

When  blunted-cone  pole-pieces  were  used  the  Intensity  of  field  was  made  by 
Quhicke's  "rise  of  level*'  method.  A  U-tube  with  a  "rising"  arm  with  very 
thin  sides  was  placed  between  the  pole-pieces,  the  rising  arm  exactly  between 
them,  the  reservoir  arm  being  20  cm.  away.  The  vessel  was  filled  with  a  quarter- 
saturated  solution  of  manganese  chloride.  The  greater  the  field  the  higher  the 
level  in  the  rising  arm,  if  the  whole  arrangement  be  kept  at  such  a  level  that 
the  meniscus  is  always  exactly  in  the  middle  of  the  field.  The  apparatus  was 
calibrated  by  the  optical  method.  The  rise  of  the  manganese  chloride  was  up  to 
10  cm.  According  to  Quincke,  In  a  field  of  38,000  CG.S.  units  a  solution  of 
iron  chloride  would  rise  nearly  20  inches  in  the  tube,  water  would  fall  6  ram.,  and 
the  resistance  of  a  bismuth  wire  would  be  tripled. 


—  VOLtBR— METHOD  OF  DEMONSTRATION  AND  INVESTIGATION 
OF  ELECTRIC  WAVES. 

{B^ibmur,  Vol.  18,  No.  Z,p,  382.) 
The  author  begins  by  calling  attontion  to  the  fact  of  the  occurrence  of  very 
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different  electric  waves  in  one  and  the  same  wire,  which  makes  the  determinatioD 
of  the  position  of  the  nodes  very  difficult.  In  considering  the  method  of  Lecher  for 
this  determination,  the  author  remarks  that  it  has  the  disadvantage  of  requiring  two 
wires,  and  an  approximately  parallel  position.  The  Lecher  method  is  also  not  veiy 
accurate,  because  it  makes  the  determination  of  the  nodes  dependent  on  the 
maximum  glow  of  the  tubes ;  and  it  is  also  not  suited  for  the  investigation  of  waves 
in  a  metallicallj  closed  circuit.  The  author  has  extended  the  method  to  adapt  it 
for  closed  metallic  circuits,  bj  onlj  connecting  one  end  of  a  tube  with  the  wire 
carrying  the  wave.  The  tube  must  then  begin  to  glow  if  the  other  end  of  the  same 
has  always  zero-potential.  By  this  amplification  of  the  method  one  is  enabled  to 
investigate  the  wire  carrying  the  waves  by  touching  with  the  tube  held  in  the  hand 
the  wire  at  any  required  point.  The  tubes  used  by  the  author  are  made  of  common 
glass  and  filled  with  rarefied  air,  or  fluorescent  glass  filled  with  rarefied  gases. 

In  one  experiment  the  ends  of  the  parallel  wires  were  connected  together, 
forming  a  circuit  about  24  to  25  metres  long ;  and  this  is  found  to  contain  four 
nodes.  The  author  shows  that  with  a  definite  position  of  the  bridging  wire,  and  of 
the  length  of  wave  in  the  primary  circuit,  by  altering  the  length  of  the  waves  in 
the  second  circuit  the  waves  become  indefinite,  and  can  only  be  restored  by  altera- 
tion of  the  primary  system ;  and  he  points  out  that  this  has  certain  acoustical 
analogies.  In  order  to  vary  the  length  of  wave,  the  author  employs  different  sizes 
of  condenser  plates.  He  also  investigates  the  influence  of  the  position  of  a  wire  in 
space  on  the  position  of  the  nodes  of  the  waves,  and  concludes  that  the  position  of 
the  wire  has  no  influence  on  the  result. 

Spirally  wound  resonators  give  also  nodes  and  waves  like  st.  etched  wires,  but 
the  waves  become  very  long. 

In  conclusion,  the  author  investigates  to  what  distance  from  the  wire  the 
surrounding  dielectric  has  an  effect  on  the  results. 


J.  A.  BOSBWqVIST— RESEARCHES  ON  THE  REFLECTION  OF 
POLARISED  LIGHT  FROM  MAGNETIC  MIRRORS. 

(Beibldtter,  Vol.  18,  No,  2,  p.  232.) 

Ihese  are  researches  on  the  phenomenon  dii^covered  by  Kerr,  that  the  plane  of 
polarisation  of  a  rectilinear  polarised  beam  of  light  is  rotated  by  reflection  from  a 
reflecting  magnet  pole  or  limb,  and  the  light  is  altered  from  a  rectilinear  to 
eUiptically  polarised  condition.  The  author  used  in  the  place  of  the  surface  of  the 
magnet  as  a  reflector  a  mirror  of  metal  traversed  by  a  current.  If  the  direction  of 
the  current  is  at  right  angles  to  the  plane  of  incidence,  the  same  phenomenon 
occurs  as  when  the  reflection  takes  place  from  the  side-surface  of  the  magnet  if 
the  mirror  is  made  of  any  magnetic  metal ;  a  diamagnetic  mirror  gave  a  negative 
result.  The  cause  of  the  phenomenon  is  believed  by  the  author  to  be  the 
molecular  currents  arising  in  the  mirror,  and  which,  as  shown  by  G.  Wiedemann, 
make  the  surface  of  the  mirror  magnetic  in  such  a  manner  that  every  particle  has 
its  northern  end  on  the  left  when  the  current  is  from  above  to  below.    It  follows. 
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then,  that  the  electric  cuirent  has  only  an  indirect  effect,  hy  magnetising  the 
mirror.  It  was  fouod  that  the  rotation  of  the  polarisation  was  proportional  to  the 
current  np  to  at  least  8  amperes. 

Mirrors  of  different  thicknesses  gire  different  results,  the  rotation  heing  greater 
for  a  thinner  mirror.  If  the  mirror  was  rotated  on  an  axis  at  right  angles  to  its 
plane,  the  current  had  a  different  position  with  regard  to  the  plane  of  incidence. 
It  was  found  that  the  rotation  also  depended  on  this  being  proporiional  to  the  sine 
of  the  angle  between  the  direction  of  the  current  and  the  plane  of  incidence. 


M.    KE8PZOHZ— THE  ELECTRIC  TRAMWAYS  OF  GENOA. 
(La  Lunii^re  Electriquej  Vol.  51,  No,  G,  p.  276.) 

These  tramways  were  installed  last  year  by  Messrs.  Siemens  &  Halske. 

An  oyerhead  line  i'j  employed,  and  special  precautions  have  been  taken  to 
minimise  electrical  rbks  by  placing  the  line  at  a  sufficient  height  from  the  ground. 

Great  care  has  been  taken  in  very  carefully  insulating  all  parts  of  the  system. 
The  pressure  employed  is  500  volts.  The  line  has  been  so  erected,  that  no  trouble 
has  been  experienced  by  the  telephone  coai panics.  The  transverse  wires  are 
40  metres  long,  and  are  fixed  to  ornamental  brackets.  They  are  5  mm.  diameter, 
and  are  placed  at  a  height  of  7  metres  above  the  road  level.  These  wires  are 
almost  imperceptible,  and  the  single  service  wire  has  the  appearan?e  of  a  telephone 
line. 

Some  of  the  slopes  are  as  much  as  7  or  8  per  cent.  Each  car  is  designed  to 
run  at  12  kilometres  per  hour,  with  a  load  of  25  passengers,  and  must  be  capable 
of  stopping  when  running  either  up  or  down  hill.  During  a  trial  ran  85  passen- 
gers were  successfully  carried. 

The  central  station  will  be  capable  of  developing  450  H.P.  with  three  boilers, 
three  engines,  and  three  dynamos  ;  two  boilers,  one  engine,  and  one  dynamo  being 
kept  as  reserve. 

The  engines  are  by  the  firm  of  Tosi.  They  are  of  the  compound  tandem  type. 
Admission  to  the  high-  and  low-pressure  cylinders  is  controlled  by  a  Tosi  regulator. 
The  main  dimensions  of  the  engine  are  as  follows: — Diameter  of  low-pressure 
cylinder,  47*6  cm. ;  diameter  of  high-pressure  cylinder,  32*5  cm. ;  stroke,  35  cm. ; 
revolutions,  2G0.  Each  engine  has  a  normal  outpat  of  150  H.P.,  bat  can  be 
worked  up  to  200  H.P.  A  condenser  is  employed  capable  of  being  used  for  two 
engines  simultaneously.  The  boilers  are  of  the  Cornovaglia  type,  with  two  grates. 
The  shell  of  each  boiler  is  of  mild  steel ;  the  external  diameter  180  cm.,  that  of 
the  furnace  65  cm.,  and  the  total  length  7*45  metres.  Each  boiler  has  a  heating 
surface  of  56  square  metres,  and  the  normal  working  pressure  is  10*5  atmospheres. 
The  feed  water  is  supplied  bj  two  duplex  steam  pumps,  one  being  kept  as  a  reserve. 
The  complete  installation  will  consist  of  four  engines  nnd  five  boilers. 

The  dynamos,  supplied  by  Messrs.  Siemens  &  Halske,  are  belt-driven.  They 
are  compound-wound,  and  have  internal  poles.  They  have  an  outpat  of  525  volts, 
200  amperes,  at  420  revolutions  per  minute. 

The  commutator  has  2C0  parts.    The  resistance  of  the  armature  is  O'OOS  ohm, 
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and  that  of  the  field  magnets  3*6  ohms.  Their  efficiency  is  94  per  cent.  The  bed- 
plfttes  of  the  djnamoe  are  iosnlated  from  earth  by  special  insnlators. 

The  distributing  board  consists  of  the  following: — Three  rheostats  for  the 
shunt  cironits  of  the  dynamos,  three  200-ampere  ammeters,  one  550-Tolt  voltmeter, 
Ihree  main  switches,  six  200-ampere  cut-outs,  four  lightning  protectors,  one 
differential  roltmeter  for  running  the  dynamos  in  parallel,  and  three  automatic 
cut-outs. 

The  main  cable  is  carried  on  poets,  and  has  the  following  particulars : — Length 
of  line,  1,250  metres ;  number  of  wires,  8  ;  diameter  of  wires,  7*5  mm. ;  height 
above  ground,  6*2  metres  ;  distance  apart  of  posts,  40  metres. 

At  the  distributing  point  four  of  these  wires  are  fixed  to  rails  of  the  Phoenix 
type.  The  four  others  feed  into  the  overhead  line.  The  cars  are  worked  in 
parallel. 


M.  M.  lUBHB— PROTECTION  OF  TRAINS  ON  SINGLE  LINES. 

{La  Lumiire  Electngue,  To/.  51,  No,  6,  p.  288.) 

The  object  of  this  invention,  due  to  M.  M^ne,  is — 

(1.)  To  prevent  any  collision  between  trains  running  in  opposite  directions ; 
and  to  allow,  as  on  a  double  line,  free  service  for  trains  running  in  the 
same  direction. 
(2.)  To  indicate  in  a  permanent  manner  at  the  stations  the  departure  of  a 

train,  and  its  direction. 
(3.)  To  allow  of  an  express  train  service. 

(4.)  Not  to  compromise  the  safety  of  the  system,  in   the  event  of  the 
apparatus  failing  to  work. 
To  accomplish  the  above,  the  line  is  provided  at  both  ends  of  each  section 
with  a  signal,  to  be  locked  under  normal  conditions,  only  to  be  freed  when  a  train 
is  passing,  and  to  be  locked  directly  afterwards. 

The  apparatus  consists  essentially  of  two  distinct  parta— the  indicator  and  the 
lock,  which  are  connected  between  each  station  by  two  line  wires  and  an  earth 
return.     It  is  possible  to  work  with  one  line  wire  only. 


A.>  HESS— METHODS    AND    APPARATUS    FOR    MEASURING    DIF- 
FERENCE OF  PHASE  BETWEEN  TWO  SINUSOIDAL  CURRENTS. 

{La  Lumiere  Elwtrique,  Vol.  61,  No,  10,  p.  461.  Vol,  51,  No.  11,  p.  509.) 

It  is  useful  to  know  the  difference  of  phase  between  two  currents  in  a  great 
number  of  cases.  The  measure  of  the  difference  of  phase  between  the  electro- 
motive   force  and    current    constitntcs    an    indirect  method  cf  arriving  at  the 

inductance. 

Direct  Methods. 

The  author  first  attempted  to  measure  the  difference  of  phase  between  the 
current  passing  into  a  condenser  and  the  potential  difference  at  the  terminals  by 
optically  combining  the  two  sine   wavCvS  and  producing  Lissajou's  figures.    Two 


ABSTliACTS.  451 

•leotro-magnets  with  vibntiDg  armatures  were  used  for  this  purpose.  It  was, 
howerer,  found  difiicult  to  work  the  shunt  coil,  although  of  high  resistance.  In 
the  second  instance,  the  author  had  recourse  to  direct  measurement  from  the 
carves  plotted  along  one  axis.  The  instantaneous  contact  of  M.  Joubert  was 
also  used  for  this  purpase  Bj  this  method  the  author  was  able  to  detect  variations 
in  the  difference  of  phase  in  a  condenser  with  change  of  frequency. 

M.  Frolich  suggested  using  a  telephone  the  diaphragm  of  which  would  be 
fitted  with  a  mirror.  A  beam  of  light  reflected  from  the  mirror  might  be  thrown 
on  to  a  rotating  mirror,  or  impressed  on  a  sheet  of  sensitised  paper  to  which  would 
be  given  a  motion  of  trantbuion. 

It  is  necessary  that  the  period  of  vibration  of  the  diaphragm  should  be  very 
small  as  compared  to  that  of  the  current.  Disturbing  effects  are  due  to  mechanical 
inertia  of  the  diaphragm,  self-induction,  and  difference  of  phase  due  to  hysteresis. 

Mr.  E.  L.  Kichold  lately  suggested  sending  a  fine  stream  of  mercury  through 
a  magnetic  field,  and  photographing  the  transverse  oscillations  in  the  stream  of 
mercury  due  to  the  passnge  of  the  alternating  current  through  it. 

BL  A.  Blondel's  oscillograph  consists  of  a  galvanometer  the  coil  of  which  has 
a  very  small  moment  of  inertia.  Very  faithful  reproductions  of  the  curves  have 
been  obtained  with  this  instrument. 

Mr.  W.  Stuart  Smith  has  worked  on  the  principle  of  Ewing's  magnetic  curve- 
tracer.  Two  wires  are  stretched  along  the  air  gap  of  two  electro-magnets  excited 
by  continuous  currents.  When  alternating  currents  are  sent  through  these  wires 
they  cause  two  mirrors  to  vibrate.  Beams  of  light  are  thrown  from  these  on  to 
sensitised  paper,  and  the  curves  obtained  in  the  usual  manner.  From  these  curves 
the  difference  of  phase  can  be  measured. 

Methods  depbkdiko  on  Electuical  Mbasubbmbnts. 

Blakesley's  well-known  split  dynamometer  method.  Three  dynamometers  are 
used,  on  which  readings  are  taken  simultaneously. 

For  reading  the  difference  of  phase  between  two  differences  of  potential, 
M.  Morelli  suggests  employing  the  above  method,  but  using  electrostatic  volt- 
meters instead  of  dycamometers.  Messrs.  Blundlot  and  Curie's  double  needle 
electrometer  would  be  used  for  reading  the  product  of  the  two  differences  of 
potential. 

An  ordinary  synchroniser,  consisting  of  a  small  transformer  with  three 
windings,  might  be  used  for  measuring  the  difference  of  phase  between  two 
alternating  currents.  If  the  two  currents,  I  sin  w  t  and  I  sin  (^w  t  +  ^),  be  in 
opposition,  then  the  resultant  magnetic  field  may  be  expressed  bv — 

H  «-  A  sin  »  <  —  A  sin  (u?  <  -i-  ^)  =  —  /i  2  sin  —  c03  (ut  +  y}- 

By  connecting  the  third  wbiding  to  a  voltmeter  a  measure  of  the  amplitude  will  be 
obtained  and  the  value  of  ^  deduced.  If  the  two  currents  act  in  the  same  direction, 
the  resultant  action  then  becomes— 

H  B  A  sin  IT  <  -»■  /4  Bin  {w  t  +  ^)  -  A  2  cos  -^  «*»"  (  "^ '  "»■    9  )• 
M.  Claude  has  suggested  dispensing  with  the  third  winding  and  the  voltmeter, 
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if  the  amplitude  of  the  resultant  magnetic  field  were  obtained  bj  measuring  the 
temperature  rise  produced  by  Foucanlt  currents  in  a  mass  of  metal. 

M.  C.  Chude*$  Phasemeter. — In  this  apparatus  the  resultant  action  of  two 
magnetic  fields  produced  by  the  currents,  causes  an  armature  of  soft  iron  to  vibrate. 
The  amplitude  of  vibration  must  be  observed  by  the  deflection  of  a  spot  of  light 
reflected  from  a  small  mirror  fixed  to  the  armature. 

The  cores  of  the  electro-magnets  are  permanently  magnetised,  for  if  this  were 
not  the  case  the  negative  intensities  of  the  field  would  act  in  the  same  direction  as 
the  positive  intensities,  and  there  would  be  as  many  attractions  as  half-periods 
of  carrent,  and  the  number  of  oscillations  of  the  armature  would  be  double  the 
frequency  of  the  current.  By  graduating  the  scale  in  degrees  this  instrument 
may  be  made  direct-reading.  The  instrument  is  fitted  with  a  reversing  key  for 
reversing  the  direction  of  the  current  in  one  of  the  electro-magnets,  to  make  the 

amplitudes  either  proportional  to  cos  ..  or  sin  J  ,  which  increase?  the  accuracy  of 

the  instrument  for  any  difference  of  phase. 

Tho  two  electro-magnets  have  exactly  the  same  coeflScients  of  self-induction, 
and  high  resistances  are  provided  to  place  in  series  with  the  electro- magnets,  in 
order  that  the  ohmic  resistance  may  be  important  as  compared  to  the  impedence. 

M.  Pulufs  Experiments, — The  apparatus  consists  of  two  electro-msgnets  Identical 
in  construction  The  core  of  each  of  these  electro-magne'.s  acts  on  a  small  piece 
of  soft  iron  fixed  to  a  spring,  which  vibrates  when  an  alternating  current  passes 
through  the  electro  magnet.  These  vibrators  are  placed  at  right  angles  to  one 
another,  and  a  small  mirror  is  fixed  to  each.  When  the  electro-magnets  are 
excited,  and  a  beam  of  light  is  thrown  successively  from  one  mirror  to  the  other, 
and  thence  on  to  a  screen,  Li$sajou*s  figures  will  be  produced. 

The  position  of  the  spot  at  any  instant  is  given  by  the  equations, 
X  =  a  sin  w  t, 
1/  =  0  sin  (w  t  +  ^), 
of  which  a  and  b  are  the  amplitudes  of  vibration,  depending  on  the  number  of 
ampere-turns  on  the  bobbins,  and  also  on  the  distances  of  the  armatures  from  the 
cores.    When  ^  -»  0  a  straight  line  will  be  seen  on  the  screen,  but  when  there 
exists  some  difference  of  phase  between  the  two  currents  the  path  of  the  spot  of 
light  forms  an  ellipse.    These  ellipses  ha>e  the  characteristic  of  all  being  inscribed 
in  one  rectangle,  of  which  the  sides  are  equal  to  2  a  and  2  b. 

If  y  —  0  and  x  =  0  in  the  above  equation,  then  ore  obtains— 

b         a 

The  screen  on  to  which  the  spot  is  projected  has  two  scales,  which  cross  one 
another  at  right  angles,  and  which  are  divided  in  centimetres. 

Instantaneous  values  of  2  y^  and  2  6  must  be  measured.  As  a  check, 
simultaneous  values  of  2  jtq  and  2  a  should  also  be  taken.  These  measurements 
are,  however,  not  easy  fo  make,  and  are  liable  to  some  eirors. 

M.  Climcntich  de  Engeimeyer*s  Modification. — lu  order  to  facilitate  the 
practical  working  of  this  apparatus,  the  influence  of  the  amplitudes  is  eliminated, 
and  a  =  6.    To  arrive  at  this  result  it  is  necessary  to  either  alter  the  number  of 
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ampere-tarns  on  the  bobbins,  the  position  of  the  cores,  or  the  distance  of  the 
bobbin  from  the  vibrating  armature.  This  I^^t  method  is  the  best^  for  it  does  not 
alter  the  self-induction  of  the  bobbin. 

With  equal  amplitudes  the  equation  for  the  resultant  ellipse  is — 
*'  +  y«  —  2  x.y  cos  ^  «  a«  Sin*  ^; 
and  the  lengths  of  the  semi -axes  are — 


^O    —   ^  s/    ^    ~~   COS  ^, 

from  which  expressions  the  value  ^  could  be  obtained.  It  would,  however,  be  an 
advantage  to  dispense  with  all  measurements  on  the  screen,  which  result  could  be 
obtained  bj*  placing  the  vibrators  at  an  angle  of  ^  to  one  another,  or  a  supplementary 
angle  to  ^,  instead  of  90*^. 

The  apparatus  consists  of  two  bobbins  which  act  simultaneously  on  a  single 
vibrator  carrying  a  mirror.  One  bobbin  may  be  moved  nearer  or  farther  from  the 
vibrator,  and  the  other  bobbin  may  be  moved  over  a  graduated  scale  to  make  the 
necessary  angle.  By  this  method  the  angle  of  difference  of  phase  is  indicated  on 
the  divided  scale,  when  the  path  of  the  spot  of  light  forms  a  circle. 

Acoustic  Method. 

M.  Climentich  de  Engehn*>y€r'8  Apparatus. — It  is  first  necessary  to  transform  Ihe 
current- waves  into  sound-waves.  If  interference  takes  place,  a  new  set  of  stationary 
waves  will  be  produced  if  tbe  p3riod8  be  equal,  and  the  nodes  and  ventral  segments 
will  occupy  definite  positions  determined  by  the  difference  in  phase  between  the 
interference  waves. 

The  apparatus  consists  of  a  tube  of  variable  length  closed  at  its  two  ends  by 
two  telephone  diaphragms.  If  it  be  necessary  to  determine  the  difference  of  pba^e 
between  two  currents  of  equal  frequency  and  of  the  same  amplitude — viz., 
I  sin  u;  f  and  I  sin  (^w  t  j_  <^)— on  sending  currents  through  the  electro-magnets 
soond  waves  will  be  set  up,  A  sm  zr  /  and  A  sin  (w  t  +  ^),  which  meet  in  the  tube, 
and  by  virtue  of  the  interference  set  up  proAuce  a  resultant  stationary  wave  of 
which  the  amplitudes  of  vibration  at  different  points  in  the  tube  are  defined  by 
the  expression, 

where  x  and  y  are  the  respective  distances  from  the  diaphragms  measured  in  wave- 
lengths, and  A  the  wave-length  corresponding  to  the  frequency  of  the  current 
employed.     The  node  of  vibration  at  any  poiut  may  be  found  from  the  relation, 

^  -  0/±<t>)  =  „ 

A. 

If  the  diaphragms  be  actuated  by  the  same  current  ^  i«  0.  The  position  of  the  first 
node  is  then  defined  by  x  —  y  =  0.  The  presence  and  position  of  this  node  may  be 
Terified  by  means  of  an  exploring  tube  connected  to  the  ear.  The  two  currents  are 
then^made  to  actuate  the  diaphragms,  and  the  position  of  the  node  will  then  be 
defined  by  x  —  y  jf  ^  =  0.  It  is  preferable  to  lengthen  the  tube  and  bring  the 
node  to  its  original  position.  And  tbe  amount  by  which  it  must  be  lengthened  is 
jf  —  X  =  i  ^.     This  expresses  exactly  in  wave-lengths  the  difference  of  phaie 
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between  the  two  cnrreiits,  and  the  sign  of  the  rariation  of  length  iadicatet  the  sign 
of  the  difference  of  phase. 

The  Acoustic  Synchroniser  of  the  General  EUetrie  Company, — ^This  consists  of  a 
metallic  cylinder  with  a  circular  apertare  at  the  side,  and  is  closed  in  at  each  end 
by  two  diaphragms,  acted  upon  by  two  electro-magnets,  excited  by  the  two  alter- 
nators to  be  coapled  in  parallel. 

When  the  machines  are  not  in  phase  periodic  sounds  are  produced  in  the 
synchroniser.  As  the  difference  of  phase  is  reduced,  so  the  period  of  the  sound 
becomes  greater;  and  it  is  only  when  the  machines  are  perfectly  in  phase  that  no 
sound  will  be  heard  at  all,  and  at  this  time  a  node  will  exist  at  the  aperture  of  the 
cylinder. 

Methods  based  on  tub  r&orBRTiES  of  Rotating  Magmrtic  Fields. 

The  Author*M  Method, — With  any  given  alternating  current  a  rotating  magnetic 
field  can  be  produced  by  causing  the  current  to  pass  through  two  parallel  circuits 
each  contain' ng  a  coil.  If  the  two  circuits  have  a  different  inductance,  and  if  the 
axcM  of  the  coils  make  a  given  angle  with  one  another,  a  rotating  magnetic  field  of 
constant  intensity  will  be  produced  of  which  the  diagram  is  a  circle. 

When  the  two  currents  are  sent  through  the  two  coils  fixed  at  right  angles,  it 
is  necessary  that  the  two  currents  should  be  in  quadrature,  in  order  to  produce  a 
rotating  field  with  a  circular  diagram. 

The  two  systems  must  also  present  the  same  inductance,  in  order  that  the 
difference  in  phase  between  the  two  currents  should  not  be  affected  The  fields 
are  regulated  in  order  that  they  should  have  the  same  amplitude,  and  the  circuits 
so  arranged  that  the  fields  rotate  in  opposite  directions.  By  passing  the  same 
current  through  the  two  pairs  of  circuits  in  series,  the  origin  of  the  angle  to  be 
measured  may  be  defined  experimentally.  The  same  result  may  be  arrived  at  by 
putting  the  coils  in  parallel,  and  by  suitable  adjustment.  The  amplitude  of  the 
fields  may  be  regulated  by  altering — 

(1)  The  resistance  of  the  circuits  ; 

(2)  The  number  of  active  turns  in  the  coils ; 

(8)  The  distance  of  the  coils  from  the  centre  of  intersection  of  the  fields. 
In  practice,  to  produce  a  quarter  phase  difference  between  two  alternating 
currents,  necessitates  the  use  of  condensers.  Their  use  can  be  dispensed  with  if  it 
be  possible  to  utilise  a  difference  of  phase  less  than  90°.  The  dia;>ram  of  the  result- 
ant field  would  then  be  an  ellipse,  which  might  be  transformed  into  a  circle  by 
varying  the  angle  between  the  two  coils.  The  ellipse  produced  by  two  magnetic 
fields  with  a  difference  of  phase  <f>  has  the  following  coefficients:— 

1 


A  = 
B  = 
C  = 


11«  sin«  ^' 
1 


H'*  sin»  p' 

—  2  cos  4> 

H  H'  6in«  ^' 

which  can  be  transformed  into  a  circle  by  satisfying  certain  conditions. 

M,  KordaU  Method.— A  coil  placed  in  a  rotating  magnetic  field,  and  rotating 
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in  STiichroiiism  with  the  field,  cannot  become  the  seat  of  any  corrent  so  long  as  ' 
Ihe  diagram  of  the  fiel  i  remains  a  circle  and  the  axis  of  rotation  is  perpendicular 
to  the  plane  of  the  field.  But  if  either  of  these  conditioos  ceases  to  be  fulfilled 
currents  are  set  up  in  the  coil  with  twice  as  many  periods  as  that  of  the  field. 
It  is  then  necessary  to  transform  the  diagram  into  a  circle  by  altering  the  angle 
of  one  of  the  coils.  No  current  should  be  indicated  on  a  voltmeter  or  telephone 
connected  to  the  rotating  coil.  The  angle  through  which  the  coil  must  be  turned 
is  the  supplementary  angle  to  ^. 

ApparatuM  of  the  AUgemeine  Eketrtdtats  Gesellscha/t. — This  consists  of  two 
rectangular  bobbins  producing  an  elliptic  field  when  excited  by  the  two  alternating 
currents.  An  iron  needle  controlled  by  a  spring  is  placed  in  the  field.  The 
position  of  the  axes  of  the  ellipse  will  vary  with  the  difference  of  phase :  the  needle 
will  tend  to  follow  the  major  axis  of  the  ellipse,  and  a  deflection  is  produced  being 
a  measure  of  the  difference  of  phase. 


C.  JACqUIH— TRANSMISSION  OF  MOTIVE  POWER  BY  POLYPHASE 
CURRENTS  TO  THE  JURA-SIMPLON  WORKSHOPa 

(La  Lumiire  EUctriqw,  Vol,  52,  No.  14,/>.  10.  Vol  52,  No.  16,  />.  78  ) 

'A  waterfall  50  metres  high,  near  Bougeon,  in  the  Jura,  has  been  utilised  for 
purposes  of  transmission  of  power.  All  the  works  of  the  Jnra-Simplon  Railway 
Company  are  at  Bienne,  at  a  distance  of  2  kilometres  from  the  fall.  The  firm 
of  Lahmeyer,  of  Frankfort,  supplied  the  p*ant,  using  the  same  system  as  at 
Bockenheim.  This  consists  of  the  transmission  of  polyphase  currents  from  the 
generating  station ;  at  a  secondary  station  a  portion  of  the  current  is  directly 
utilised  for  working  high-tension  polyphase  motors.  The  remaining  portion  is 
transformed  into  a  continuous  current,  which  is  distributed  in  the  neighbourhood 
of  the  station  on  the  low-tension  system  at  100  volts.  The  exciters  are  also  used 
for  supplying  continuous  currents  outside  the  station. 

The  triphase  alternators  work  at  80  volts,  which  pressure  is  transformed  up 
to  1,800  volts.  The  primary  generatiog  station  is  installed  in  a  mill  situated  on 
the  banks  of  the  Suze,  near  the  bridge  at  Bougean.  The  water  is  led  to  Bougean 
by  a  conduit  7C0  metres  long  and  1  square  metre  in  section.  This  conduit  has 
a  head  of  50  metres  above  the  level  of  the  river,  and  can  deliver  as  a  minimum 
1*5  cubic  metres  per  second  of  water  at  all  times  of  the  year,  which  corresponds 
to  850  H.P. 

The  set  of  machines  at  prenent  installed  in  the  generating  station  have  an  over-all 
measurement  of  15  x  10  x  7  metres  ;  but  the  building  is  large  enough  to  take  two 
such  sets.  One  three-phase  alternator  is  fixed  on  each  side  of  the  turbine,  and  from 
the  turbine  shaft  are  driven  by  belt  two  continuous-current  machines.  A  telephone 
room  is  placed  in  one  comer  of  the  station.  Water  is  admitted  to  the  turbine 
through  a  cast-iron  pipe  280  metres  long.  Water  is  discharged  from  the  turbine 
through  a  pipe  50  metres  long.  From  the  turbine  shaft  is  also  driven  a  governor 
which  acts  directly  on  the  admission  valve.  It  was  specified  that  between  full  and 
0  load  the  speed  of  the  turbine  should  not  vary  by  more  than  5  per  cent. 
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The  firm  of  Rieter  &  Co.,  of  Winterthur,  supplied  the  gOTernon,  which, 
xif ter  careful  tests,  were  found  to  regnlate  within  3  per  cent,  between  full  and  half 
loads  The  speed  of  the  turbine  is  300  revolutions  per  minute,  and  the  efficiency 
was  found  to  be  over  76  per  c  ^nt. 

The  low  voltage  of  the  alternators  renders  their  construction  very  mechanical 
and  safe.  The  field  magnets  revolve,  and  consist  of  two  star-shaped  castings  keyed 
to  the  shaft,  and  form  IG  poles.  The  magnetic  field  is  produced  by  one  central 
coil.  The  armature  is  made  up  of  laminated  iron  fixed  to  an  outside  ring  of  cast 
iron.  The  armature  is  traversed  by  48  copper  rods,  10  mm.  diameter,  insulated  by 
a  sleeve  of  asbestos.  The  three  armature  circuits  are  coupled  to  form  a  star 
connection.  Each  circuit  consists  of  16  coils,  each  made  up  of  three  of  the  copper 
bars.  The  alternators  are  capable  of  giving  8G0  amperes  at  80  volts.  The  exciters 
are  four-pole  machines  capable  of  giving  8*8  kilowatts  at  110  volts  at  a  speed  of 
1,100  revolutions. 

Each  alternator  requires  an  exciting  currvUt  of  8  5  amperes  at  110  volts,  being 
1-5  per  cent,  of  the  full-load  output  of  the  machine.  Bare  copper  strips  250  mm. 
square  section,  supported  on  insulatori^,  are  run  from  the  alternators  to  the  switch- 
board. The  latter  is  3*5  metres  wide  and  2*2  metres  high.  It  is  raised  about 
1  metre  from  the  floor  of  the  station,  and  is  reached  by  means  of  a  small  staircase. 
Although  both  alternating  and  continuous  currents  are  emplo/ed,  the  switch-board 
is  extremely  simple.    Provisions  are  made  for  running  the  dynamos  in  psrallel. 

The  overhead  lines  each  consist  of  three  naked  copper  wires.  The  mx  wires 
arj  run  together  on  posts  for  2  kilometres  as  far  as  Bienne ;  at  this  point  a 
branch  circuit  is  taken  to  the  shops  of  the  Jura-Simplon  Railway  Company. 

At  the  sub-station  at  Bienne  the  triphase  current  at  1,800  volts  will  be  trans- 
formed into  a  110-volt  continuous  current  by  means  of  special  dynamotors. 

The  railway  station  takes  about  20  kilowatts,  and  20  kilowatts  are  also  required 
for  the  purpose  of  charging  accumulators  in  certain  buildings. 

The  Lahmeyer  motors  emplojed  on  these  circuits  are  of  the  non-synchronous 
type,  with  rotating  field  magnets  and  fixed  armature.  The  latter  is  made  up  of 
laminated  iron  threaded  through  by  a  number  of  copper  bars  connected  in  paralPel 
at  each  end.  The  field  magnets  consist  of  a  drum  of  laminated  iron  carrying  three 
coils  of  insulated  copper  wire,  coupled  to  form  a  star  connection,  tha  outer  end 
being  fixed  to  three  collecting  rings  fixed  on  the  spindle.  The  current,  before 
entering  the  motor,  passes  through  the  necessary  instruments  on  a  switch-board,  and 
through  a  water  resistance.  The  starting  and  stopping  of  the  motor  is  effected  by 
varying  this  resistance.  The  machine  is  started  without  the  slightest  difficulty, 
provided  it  is  not  over-loaded.  * 


O.  BICHABD— ALUMINIUM  AND  ITS  ELECRO-METALLURGY. 

{La  Lumt^re  Electrique^   Vol,  52,  No.  14,  p,  16.) 

Experiments  are  still  being  made  to  find  a  suitable  solder  for  aluminium. 
MM.  Nicholas  and  Legenbach  lately  proposed  using  chloride  of  silver.    This, 
however,  had  been  previously  tried  on  several  occasions,  notably  by  M.  E.  Thomas. 
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He  described  chloride  and  bromide  of  silver  as  forming  good  solders  for  alnminium, 
giTing  homogeneons  and  strong  joints.  This  process  wonld  be  of  great  commercial 
value  if  the  salts  were  cheaper,  and  if  the  action  took  place  at  a  temperature  under 
500°  or  600°.  A  great  objection  to  the  process  is  that  the  joints  blacken  on  expo- 
sure to  light.  Apart  from  these  disadvantages,  the  process  is  preferable  to  all 
others  with  regard  to  strength. 

M.  Daggen  has  recently  given  much  attention  to  allocs  of  aluminium  with 
other  metals.  The  simplest  alloy,  aluminium-bronze,  is  prepared  either  in  an 
electric  furnace  by  the  Cowlcs  process,  or  by  the  addition  of  aluminium  to  a  bath 
of  molten  copper.  The  alloy  obtained  by  the  former  process  hai  approximately 
the  following  composition :  Aluminium,  20  per  cent. ;  silicon,  4  per  cent  iron,  4 
per  cent. ;  copper,  72  per  cent.  A  much  purer  alloy  is  obtained  by  the  latter 
process.  Up  to  9  per  cent  an  alloy  with  fibrous  texture  Is  obtained ;  with  10  and 
]  1  per  cent,  it  becomes  crystalline. 

Attention  has  also  been  given,  by  the  United  States  Naval  Department,  and 
the  Alominium  Company  of  Nenhausen,  to  alloys  containing  copper  and  zinc. 
They  had  approximately  the  following  composition  :^ 

Cu.                                 A1.                                     8L  Zn. 

03        3-3        033        33-3 

The  addition  of  zinc  produces  a  fioe-grained  brittle  alloy  with  a  lower  meltings 
point  than  that  of  the  constituent  metals.  An  alloy  made  with  8  per  cent,  of 
German  silver  is  very  elastic  and  durable. 

In  the  case  of  silver,  an  addition  of  anything  up  to  6  per  cent,  will  increase  the 
elasticity  and  durability;  but  anything  more  tlian  G  percent  causes  brittleness. 
Alloys  may  be  made  with  as  mnch  as  30  per  cent  of  silver,  to  be  used  for  the 
manufacture  of  objects  not  requiring  the  above  properties. 

Aluminium  containing  more  than  1  or  2  per  cent,  of  iron  is  brittle ;  with  ft 
per  cent,  it  crystallises  in  needles. 

Iron  castings  containing  15  to  16  per  cent,  of  aluminium  are  very  hard  and' 
can  scarcely  be  filed.  Such  castings  present  a  fine  crystalline  fracture.  Steel 
containing  1  per  cent,  of  manganese  and  7  per  cent,  of  nluminium  nearly  cuts 
glass.  Aluminium  is  frequently  used  in  iron  and  steel  foundries  in  the  United 
States  and  in  England ;  the  proportions  used  are  very  small. 

The  influence  of  the  metal,  according  to  M.  Daggor,  is  as  follows: — 

1.  The  aluminium  transforms  the  combined  carbon  into  free  graphite  at  the 
moment  of  solidification.  When  added  to  iron  castings,  0*25  per  cent,  will  cause 
a  change  in  colour,  and  0*75  per  cent,  produces  a  grey  casting.  Up  to  4  per  cent, 
the  tendency  is  to  produce  soft  grey  castings. 

2.  A  reduction  takes  place  in  the  oxides  of  iron  and  silicon. 

3.  A  reduction  of  the  gases  in  the  molten  metal  also  takes  place. 

M.  Grabau  has  recently  published  the  following  process  for  the  manufacture 
of  pure  fluoride  of  aluminium  without  the  nse  of  either  iron  or  silicon  :— 

Powdered  or  calcined  kaolin,  as  free  of  iron  as  possible,  is  treated  with 

hydrofluoric  acid  or  hydro fluosi lie  acid.    The  temperature  of  the  reaction  should 

not  exceed  95^.     After  a  few  minutes  the  reaction  is  completed,  and  there  should 

remain  a  neutral  solution  of  fluoride  of  aluminium  without  any  free  silicic  acid. 
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After  filtration  there  will  remain  a  precipitate  of  silicic  acid  and  kaolin,  which 
mnat  be  washed  with  hot  water  and  re-treated  as  described  above.  Bj  this  process 
abont  95  per  cent  of  the  hydrofluoric  acid  employed  is  fonn  1  under  the  form  of 
fluoride  of  ainmininm.  If  12  per  cent  of  hydrofluoric  acid  were  employed,  the 
solution  would  contain  about  15  to  16  per  cent,  of  fluoride  of  aluminium 
(Al.  Fl.). 

The  electrolytic  system  invented  by  Mr.  J.  B.  Hall  for  the  extraction  of 
aluminium,  consists  of  an  anode  and  cathode  consisting  of  a  mixture  of  carbon  and 
aluminium.  The  bath  is  formed  of  a  mixture  of  fused  chloride  of  aluminium, 
calcium,  and  lithium.  An  electric  current  decomposes  the  anode,  and  the  aluminium 
taken  from  it  is  deposited  on  to  the  cathode  in  the  form  of  a  precipitate.  At  the 
same  time  the  oxygen  which  is  liberated  combines  with  the  carbon  of  the  anode. 
It  is  necessary  to  replace  the  anode  from  time  to  time  when  used  up.  To  obtain 
aluminium-bronze  it  is  only  necessary  to  place  a  sheet  of  copper  in  the  bath. 

A  good  deal  of  attention  has  been  paid  of  late  in  the  United  States  and 
in  Germany  to  the  electro-metallurj^  of  iron.  Mr.  Taussig's  process  consists  in 
placing  the  metallic  oxides  to  be  reduced  in  a  furnace,  after  having  well  pulverised 
them,  and  then  submitting  them  to  the  action  of  an  electric  current  passing  between 
two  large  electrodes.  The  intensity  of  the  current  must  be  sufficient  to  fuse  the 
oxides.  According  to  the  inventor,  intensities  of  20,000  and  80,000  amperes  are 
not  too  high. 

If  30,000  amperes  at  50  volts  be  employed,  which  is  equivalent  to  2,000  H.P. — 
a  little  lower  than  the  power  employed  at  Neuhausen — the  effective  space  taken  up 
by  the  molten  metal  would  be  12  metres  by  150  square  centimetres  at  least.  This 
would  give  a  volume  of  180,000  cubic  centimetres,  or  about  1,400  kilogrammes  of 
metal.  An  installation  of  this  sort  would  be  capable  of  melting  about  1,400  kilo- 
grammes in  one  operation  occupying  about  15  minutes.  This  process  is  considerably 
cheaper  than  the  ordinary  crucible  process  for  the  manufacture  of  steel,  for  less 
than  one-half  the  quantity  of  combustible  is  consumed. 


B.  JAITET-AN    ELECTRO-CHEMICAL    METHOD    OF    OBSERVING 
ALTERNATING   CURRENTS. 

{Comptes  Rendus,  Vol.  118,  No,  16,/?.  862.) 

There  are  two  foctors  in  connection  with  alternating  currents  which  are  not 
always  easy  to  measure^viz. ,  frequency  and  difference  of  phase.  It  may  be 
necessary  to  measure  frequency  accurately  when  one  is  placed  far  away  from 
the  source  of  supply.  With  reference  to  difference  of  phase,  of  which  an  accurate 
measurement  is  so  important  in  many  cases,  all  methods  in  use  at  the  present  time 
hare  the  disadvantage  of  being  both  Indirect  and  complicated,  and  also  necessitate 
the  use  of  instruments  possessing  self-induction,  which  tends  to  inaccuracy. 

The  author  has  devised  a  graphical  method  offering  great  facilities  for  making 
measurements.  Over  a  recording  metallic  cylinder  is  placed  a  sheet  of  paper 
which  has  been  soaked  in  a  solution  of  ferro-cyanide  of  potassium  and  nitrate  of 
ammonia.    An  iron  or  steel  style  is  made   to  press  against  this  paper.   'The 
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cyliuder  and  the  stj  lo  are  then  connected  respectively  to  the  two  points  across 
which  it  is  necessary  to  study  the  periodic  E.M.F.  As  the  circait  has  no  self- 
induction  the  current  will  he  in  phase  with  the  £.M.F.  If  under  these  conditions 
the  cylinder  be  rotated,  periodic  bine  lines  will  be  produced  corresponding  to  the 
maximum  values  of  the  £  M.  F.'s.  By  this  method  frequency  can  be  very  readily 
measured. 

For  measuring  the  difference  of  phase  between  two  electro-motive  forces  of  the 
same  frequency,  it  is  only  necessary  to  record  the  two  impressions  side  by  side,  and 
to  measure  the  distance  between  the  two  maximum  values. 

By  this  method  it  would  be  easy  to  measure  the  difference  of  phase  between 
the  primary  and  secondary  currents  and  electro- motive  forces  of  a  transformeri 

The  author  has  found  this  method  capable  of  being  applied  to  many  cases. 

Experiments  were  made  on  currents  obtained  from  Zipemowsky  alternators 
at  110  volts. 

1.  Three  points— A,  B,  C — on  the  circuit  were  taken,  and  separated  by  non- 
inductive  resistances  consisting  of  incandescent  lamps.  The  point  B  was  connected 
with  the  cylinder,  and  A  and  C  with  two  styles.  Under  these  conditions  twa 
discontinous  lines  were  obtained ;  the  maxima  of  one  separating  into  two  equal 
parts  the  intervals  formed  by  the  maxima  of  the  other. 

2.  An  inductive  resistance  was  inserted  in  place  of  one  of  the  above  non- 
inductive  resistances.  The  difference  of  phase  was  immediately  changed.  The 
maxima  of  the  discontinuous  line  corresponding  to  the  inductive  resistance 
separated  into  two  parts,  the  intervals  of  the  maxima  corresponding  to  the  lamp 
resistance. 


J.  H.  VAIt-ON  THE  IMPORTANCE   OF  COMPLETE  METALLIC 
CIRCUITS  FOR  ELECTRIC  TRAMWAYS. 

{La  Lumi^re  EUctrique,  Vol.  52,  No.  17,  p.  IT8.) 

When  electric  traction  was  practically  introduced,  two  systems  of  conductors 
were  in  use.  One  was  the  double  overhead  line,  and  the  other  the  single  line  with 
earth  return.  The  latter  is  the  system  which  has  survived,  on  account  of  its 
simplicity. 

The  resistance  of  the  earth  return  is  made  as  low  as  possible  by  sinking  earth 
plates  at  certain  distances  apart,  and  connected  to  the  rails;  or  by  running  an 
earth  wire  along  the  track,  connected  to  the  rails  at  certain  distances.  This 
auxiliary  return  is  necessary,  for  without  it  serious  electrolytic  effects  take  place 
on  iron  and  lead  pipes,  on  account  of  their  being  better  conductors  than  the  earth. 
Thia  electrolytic  effect  is  considerably  increased  at  places  where  gas  pipes 
have  leaked.  On  a  line  where  the  rails  are  connected  to  the  water  pipes, 
experiments  showed  that  the  pipes  take  28  per  cent,  of  the  current..  This  has  in 
caaes  reached  as  much  as  40  per  cent,  of  the  total  current. 

Tests  have  riiown  that  the  electrolytic  action  of  a  5-ampere  current  produces 
ia  time  serious  effects  on  iron  pipes.  The  rate  at  which  the  action  takes  place 
depends  on  the  nature  of  the  soil,  and  its  dampness,  and  also  on  the  intensity  of  the 
eorrent 
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One  of  the  chief  faults  of  the  existing  systems  is  the  insufficient  number  of 
joints  between  the  rails.  The  fish-pUtea  and  bolts  are  not  sufficitmly  good  joints, 
their  resistance  being  verj  great  as  compared  to  that  of  the  rails.  It  is,  howerer, 
difficult  to  tell  when  a  joint  is  defectire.  The  two  main  indications  are  the  shaking 
of  the  train  when  passing  over  it,  and  also,  in  winter,  the  melting  of  the  snow  at 
that  place,  due  to  the  production  of  heat. 

The  section  of  the  rails  themselves  is  sufficient  to  carry  800  to  900  amperes 
without  heating,  when  the  two  rails  are  in  parallel.  It  is,  therefore,  evident  that 
excellent  joints  are  required. 

The  author  could  mention  cases  where  the  auxiliary  copper  return  has  been 
entirely  dispensed  with. 

In  order  to  minimise  the  drop  on  the  return  it  would  be  necessary  to  use 
feeders  connecied  to  the  rails  at  points  not  too  far  apart ;  and  the  author  recom- 
mends the  use  of  insulated  feeders.  The  increased  expense,  in  his  opinion,  is 
entirely  compensated  for  by  the  diminished  deterioration  of  the  joints,  and  by  the 
increased  efficiency  of  the  line. 

This  system  would  haye  all  the  advantages  of  the  double  overhead  line,  with 
none  of  the  disadvantages  of  the  present  system. 


AHOW.— PURIFICATION  BY  ELECTROLYSIS  OF  SUGAR  SOLUTIONS, 
(//a  Lumikre  EUctrique,  Vol  62,  No,  lG,p.  124.) 

Dr.  Bersch  has  recently  experimented  on  the  electrolytic  process  of  Schollmeyer, 
-Behno,  and  Dammeyer  for  the  purification  of  sugar  solutions.  The  juice  obtained 
irom  the  diffnsers  at  a  temperature  of  40^  or  45°  is  heated  to  65°,  and  transferred 
to  the  electrolyser,  consisting  of  an  iron  tank  divided  into  two  parts.  EUich  of  these 
compartments,  of  which  the  capacity  is  abont  1,500  litres,  with  a  height  of  0*50 
metre,  contains  seven  sheet  zinc  electrodes,  making  a  surface  of  6  square  metn  s. 
'The  two  compartments  are  alternately  filled  with  solution,  which  is  treated  fcr 
-^bont  10  minuted  with  a  current  of  50  to  60  amperes. 

On  the  negative  pole  is  forme!  a  gelatinous  deposit  of  a  g^enish  grey  colour, 
and  the  inventors  consider  that  the  zinc  in  combining  with  the  alkalies  facilitate  s 
crystallisation.  The  thicker  this  deposit  the  greater  the  resistance  offered  to  the 
current ;  it  is  therefore  necessary  every  week  to  reverse  the  current  for  abont  fire 
minutes:  the  gases  generated  will  detach  the  deposit.  The  process  of  electrolysis 
produces  a  gelatinous  precipitate  which  renders  filtration  difficult.  To  obviate 
this  a  small  quantity  of  lime  is  added  to  the  solution. 

With  the  old  process  of  evaporation  trouble  was  experienced  due  to  the 
formation  of  froth,  especially  with  beetroots  of  inferior  quality ;  bat  with  the 
electrolytic  process  no  froth  is  formed,  and  in  the  heating  process  no  harm  is  done 
to  the  sugar.  After  heating,  the  solutions  treated  electroly  tically  yield  on  the  avetmge 
^*5  per  cent.,  giving  98  on  the  polarimeter,  and  contain  0*48  per  cent,  of  ash. 

According  to  Dr.  Bersch,  the  prime  cost  is  very  low,  and  the  consumption  of  sine 
is  negligible.  At  Uoyro,  where  the  experiments  were  carried  out,  the  profits  made 
in  one  week  paid  for  the  cost  of  installation.    The  current  required  was  60  to  60 
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amperes,  with  C  yolts.    It  is  therefore  advisable  to  have  a  l-H.P.  dynamo,  which 
allows  of  margin  for  the  process  of  clearing  the  sugar  electrically. 


AWOW.— FELTEN  &  GUILLEAUME  CABLES  (1893). 

(La  Lumihre  Eltctrique,  To/.  52,  No,  IC,  p.  125.) 
These  cables  cctaslst  of  a  helicuidal  insulating  core  having  grooves  into  which 
strands  of  wire  are  laid,  and  the  whole  covered  with  insulating  material,  and 
finally  lead-covered.     Cables  for  the  three-  or  five  wire  syst'  m  are  made  in  this 
way. 

AHOW.— TUE    ACCUMULATOR     PLATES     OF    THE     SOCIETY    DE 
CONSTRUCTION  M^CANIQUE   EI  ELECTRIQUE  DU  NORD. 

(La  Lumiere  JLlecinque,   Ic/.  52,  AV  16,  p.  125) 

The  present  plates  consist  of  a  lead  grid  alloyed  with  antimony,  as  a  support 
for  the  active  material.  A  new  plate  has,  however,  been  designed  to  entirely 
preyent  buckling.  These  plates  are  made  up  of  12  lead  combs,  the  teeth  of  which 
fit  into  one  another,  leaving  small  spaces  to  allow  of  free  circulation  of  liquid.  The 
top  parts  of  these  combs  are  soldered  together,  but  their  lower  ends  are  free,  being 
only  held  in  position  by  a  lead  wire  connected  to  the  two  oatside  strips.  The 
process  of  forming  may  be  carried  out  very  rapidly,  on  account  of  the  large  surface 
exposed. 

AHOW.— FUSIBLE    WIRES    FOR    PROTECTING   TELEGRAPHIC 

APPARATUS. 

(La  LvmUre  EUctriqtiey  Vol.  62,  No.  15,  p.  80.) 

M.  Strecker  has  suggested  the  use  of  wires  0*03  mm.  in  diameter,  made  of  an 
alloy  known  under  the  name  of  "  Constantan,"  which  would  melt  at  0*3  ampere. 
It  might  in  cases  be  ncce^ssary  to  use  wire  0*2  ram.  diameter,  which  would  be  tx) 
-  fine  to  handle. 

To  overcome  this  difficulty  M.  Feussner  has  suggested  the  use  of  a  fine  wire 
fixed  at  one  end  to  a  hook  of  easily  fused  metul,  and  kept  tight  by  a  spring.  The 
hook  will  be  fused  when  the  wire  reaches  a  certain  temperature. 
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The  Two  Hundred  and  Sixty-fifth  Ordinary  General  Meeting  of 
the  Institution  was  held  at  the  Institution  of  Civil  Engineers, 
25,  Great  George  Street,  Westminster,  on  Thursday  evening, 
May  10th,  1894— Sir  David  Salomons,  Bart.,  Vice-President, 
in  the  Chair. 

The  minutes  of  the  Ordinary  General  Meeting  of  April  26th 
were  read  and  approved. 

The  names  of  new  candidates  for  election  into  the  Institution 
were  announced  and  ordered  to  be  suspended. 

The    following    transfers   were    announced    as  having    been 
approved  by  the  Council : — 

Firom  the  class  of  Associates  to  that  of  Members'^ 
Robert  Arthur  Dawbarn.      |        Joseph  Shepherd. 
Thomas  Saville  Watney. 

From  the  class  of  Students  to  that  of  Associates—* 
William  Dickinson.  |        John  Clarence  LyelL 

Mr.  J.  Ranee  and  Mr.  E.  L.  Berry  were  appointed  scrutineers 
of  the  ballot  for  new  members. 

The  Chairman  :   Mr.  Crompton  has  a  few  more  remarks  to 
add  to  his  paper,  and  the  discussion  will  then  be  resumed. 
VOL.  xzin.  34 


468  COST  OF  ELECTRICAL  ENERGY.  [May  10th, 

cSomptoD  ^^'  ^*  ^*  Crompton  :  The  diagram  B  is  the  one  referred  to 

on  page  427,  giving  a  24-hours  test  of  the  Chelmsford  power 
station.  It  is  interesting  from  many  points  of  view,  but  chiefly 
as  showing  the  extent  that  the  boilers  of  the  works  J  in  the 
paper  can,  when  worked  under  the  careful  supervision  of  a  test, 
show  eflBciency  in  excess  of  the  annual  figure  of  5*2  lbs.  of 
water  evaporated  per  lb.  of  fuel.  It  will  be  seen  that  under  the 
careful  conditions  of  this  test  the  evaporative  eflBciency  rose  to 
9  lbs.  There  is  no  doubt  that  if  we  could  arrange,  to  fire  at  the 
same  rate  and  exercise  the  same  supervision  throughout  the  year 
as  we  did  on  this  one  test,  we  could  greatly  raise  the  evaporative 
eflficiency  of  these  boilers;  but  there  is  no  doubt  that  some 
approximation  to  the  same  result  can  be  arrived  at  in  a  less 
expensive  manner  by  the  addition  of  a  large  economiser,  which 
wiU  take  up  a  very  considerable  proportion  of  the  units  which  are 
wasted  when  the  stokers  are  not  working  their  dampers  and 
managing  their  fires  in  the  most  eflBcient  manner. 

webbeJ  General  *  Webber  :    The   great   interest  that  this   paper   has 

excited  will  no  doubt  leave,  as  Mr.  Raworth  said  at  the  last 
meeting,  a  deep  impression  on  all  those  who  heard  it  read  ;  but  I 
am  one  who,  after  having  done  so  carefully,  feel  that  much  which 
is  contained  in  it  is  open  to  criticism,  and  perhaps  even  to  sharp 
criticisipr.  Before  proceeding  to  some  remarks — especially  on 
Table  VI. — I  would  ask  Mr.  Crompton  why  he  selected  5,000,000 
units  of  energy  sold  per  annum  as  an  example  for  his  ideal 
works.  At"  13  units  per  annum  per  8-C.P.  lamp,  costing  Ss.  6d. 
joined  up^  this  means  384,615,  and  18  imits  costing  12s.,  it 
means  277,777  lamps,  or  their  equivalent.  He  tells  us  that  his 
paper  was  firamed  after  careful  consideration  of  the  results  of  the 
various  known  systems,  and  therefore  I  must  assume  that  he  was 
dealing  with  a  load  altogether  for  lighting  purposes.  The  capital 
expenditure  he  allows  works  out  either  £1  6s.  or  £1  16s., 
according  to  the  above  consumption.  Now  I  should  like  to 
remind  him  that  in  Kensington,  the  part  of  London  with  which 
he  is  best  acquainted,  by  far  the  greater  part  of  the  load  is  for 
supplying  light,  and  the  average  lamp  earnings  are  less  than 
8s.  6d.'   Bearing  that  in  mind,  I  am  at  a  loss  to  know  on  what 
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system,  especially  in  the  metropolis,  Mr.  Crompton  framed  hisoenend 
possible  estimate.  For  instance,  Kensington,  which  includes  a 
small  outlying  portion  of  Westminster,  is  supplied  by  three 
companies,  and  according  to  the  published  returns  of  the  last  day 
of  1893  we  had  about  108,000  (8-C  J.)  lamps  joined  up,  and  a 
capital  expenditure  of  £3  per  lamp.  I  would  ask  Mr.  Crompton, 
does  he  think — especially  as  regards  two  of  the  companies,  with 
which  he  is  well  acquainted,  and  which  we  believe,  or,  at  least,  we 
must  hope  so,  are  on  the  road  to  that  ideal — he  is  going  to  reduce 
that  £3  to  £1  Gs.  ?  If  he  thinks  so,  does  he  forget  that  of  the 
100  miles  of  frontage,  which  will  probably  be  the  ultimate  area 
which  will  have  to  be  lighted  in  Kensington,  only  about  four 
miles  of  street  have  mains  laid  along  both  sides  ?  Does  he  believe 
that  when  the  total  plant  of  those  three  companies,  which  how 
has  a  capacity  of  about  2,300  E.H.P.  output,  reaches  the  13,500 
E.H.P.  output,  or  thereabouts,  which  two  (8-C.P.)  lamps  installed 
per  yard  of  frontage,  or  350,000,  would  require,  that  he  will  then 
come  down  to  a  capital  expenditure  of  £1  6s.  per  lamp  ? 

I  shall  next  observe  that  Mr.  Crompton's  classification  is 
between  direct  and  conversion  systems. 

As  I  suggested  in  a  paper  read  here  in  January,  1891,  if  there 
is  any  true  classification,  it  is  based  on  the  question  of  the 
"  frequency  "  of  the  sources  of  supply,  irrespective  of  whether  these 
sources  are  generating  or  converting.  Mr.  Crompton  says  that 
he  has  excluded  the  "  mixed  systems  "  from  his  tables,  and  yet  he 
includes  Chelsea,  quite  the  most  mixed  direct-current  system  in 
the  kingdom.  This  he  has  no  excuse  for  ignoring  if  he  reads  the 
Journal  of  the  Institution  and  the  technical  papers. 

In  his  paper  he  takes  up  the  position  of  an  independent 
observer,  compiler,  and  recorder  of  the  results  of  a  number  of 
companies.  Let  us  analyse  the  value  of  these  records  and 
conclusions.  I  should  not  have  canvassed  this  question  had 
Mr.  Crompton  confined  himself  to  special  reference  to  the 
Kensington  and  Knightsbridge,  Netting  Hill,  and  Chelmsford 
Companies,  and  what  they  have  done  and  are  doing,  with  which 
he  is  doubtless  well  acquainted.  But  he  tells  us  that  he  has 
asked  for  the  information  he  wanted,  and  obtained  it  (in  some 
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Ctonemi  casos  anonymouslj),  from  the  engineers  of  the  other  companies. 
When  they  decline  to  give  it  to  him  he  assumes  they  can't  give 
it*,  and  he  then  calculates  it.  Table  VI.,  which  is  the  one  on 
which  some  of  his  conclusions  as  to  cost  are  founded,  is  as 
misleading  as  a  table  constructed  in  such  a  way  can  well  be. 
His  letter  to  the  several  engineers  was  headed,  <<Cost  of  Electrical 
<<  Energy/'  and  he  informed  his  correspondent  that  the  date  of 
reading  his  paper  on  that  subject  before  the  Institution  had  been 
fixed  for  the  12th  April.  The  additional  time  thus  accorded 
enabled  him  to  supplement  the  data  that  he  had  already  obtained. 
He  told  them  that  he  had  prepared  a  table  showing  the  cost  of 
fuel,  cost  of  stores  and  water,  cost  of  labour  and  salaries,  per  unit 
sold,  for  20  of  the  most  important  electric  supply  works ;  that  he 
had  filled  in  these  figures  fix>m  the  published  accounts ;  and  he 
asks  his  correspondent  to  supplement  his  compilation  by 
correcting  them  if  they  are  wrong,  and  by  adding  further 
information.  He  has  not  told  us  what  he  would  have  done  if 
additional  time  had  not  been  accorded  to  him.  Would  he  have 
filled  in  his  table  by  an  approximate  calculation  for  all  ?  Without 
asking  the  engineers  if  they  agree  in  ^'  efficiency  of  distribution  " 
being  equal  to  units  sold,  plus  units  used  in  works,  divided  by 
units  generated,  he  simply  tells  them  that  his  measure  of  it  will 
be  on  that  basis,  and  winds  up  by  telling  them  that  if  he  does 
not  receive  it  in  time  he  will  be  obliged  to  fill  in  his  table 
by  an  approximate  calculation  from  the  published  figures. 

Upon  the  replies  or  no  replies  to  such  a  letter  he  has  firamed 
his  Table  VI.  The  meeting  should  entirely  sympathise  with  the 
engineers  who  declined  altogether,  or,  while  not  declining,  gave 
partial  information.  Putting  on  one  side  what  might  have  been 
the  views  of  boards  of  directors  (with  which  I  sometimes  diflfer), 
it  is  clear  that  none  of  the  engineers  who  cared  to  be  parties  to 
the  construction  of  a  really  valuable  return,  which  was  to  go  out 
to  the  world  firom  this  Institution,  would  think  of  doing  them- 
selves or  their  companies  the  injustice  of  helping  to  frame  such  a 
statement  as  Table  VI. 

Besides  which,  inaccuracies  must  inevitably  exist  even  if  a 
real  intelligent  comparison  is  entered  upon,  due  to  the  wide 
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differences  in  each  area  of  operations.      I  cannot  conceive  Mr.  ^^^ 
Crompton's  having  put  his  name  to  anything  of  this  kind  unless 
he  is  careless  of  his  reputation  as  an  authority. 

Although  he  distinguishes  between  systems  which  are  alter- 
nating, continuous,  and  mixed  with  high  and  low  tension,  he 
does  not  take  into  consideration  whether  the  load  is  large  or 
small,  whether  the  demand  is  dense  or  sparse  over  a  given  area, 
or  whether  the  supply  is  constant  or  intermittent;  and,  lastly, 
while  admitting  a  wide  difference  of  price,  and  of  the  calorific 
value  of  the  various  coals  used,  he  actually  does  not  attempt 
reduction  of  these  to  any  common  standard  for  purposes  of 
comparison. 

His  figures  under  the  headings  "  EflBciency  of  Distribution  " 
and  "  British  Thermal  Unit  i)er  Watt-Hour  Generated  ^  are  even 
less  instructive  when  they  come  to  be  analysed. 

It  will  be  observed  that  his  question  to  the  engineers  dictates 
that  their  "efficiency  of  distribution"  is  to  be  measured  by 
"units  sold,  plus  units  used  in  works,  divided  by  units  gene- 
"  rated."  No  wonder  some  hesitated  to  answer  his  question.  The 
result  may  be  a  measure  of  something,  but  I  deny  altogether 
that  it  has  a  right  to  be  a  measure  of  efficiency,  for  the  reason 
that  losses  which  arise  out  of  conditions  that  save  interest  on 
capital  may  in  themselves  be  a  sign  of  efficiency. 

I  shall  give  an  instance,  namely,  Chelsea,  where  by  the 
published  returns  the  capital  expenditure  is  £2  8s.  8d.  per  lamp 
joined  up.  In  that  case  Mr.  Crompton  had  access  to  the 
information  which  I  gave  in  1891,  when  I  told  this  audience  that 
the  losses  at  that  time  between  the  sources  of  supply  and  the 
consumers'  meters,  for  both  forms  of  conversion,  was  30  per  cent., 
while  those  within  a  radius  of  250  yards  of  the  generating  station 
were  reduced  to  a  maximum  of  10  per  cent,  with  full  load  on 
the  direct-driven  continuous-current  generating  units. 

Instead  of  62,  his  self-estimated  figure  should,  with  the 
information  before  him,  therefore  have  been  at  least  over  70. 
Since  then,  the  gradual  increase  of  current  generated  and  dis- 
tributed without  conversion,  and  of  current  converted  during 
busy  hours,  with  converter  motors  having  95  per  cent,  efficiency 
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together  with  the  replacing  of  small  feeders  (or  "stems,**  as  I 
then  called  them)  by  larger  ones,  has  reduced  those  losseiB  to  a 
figure  which  will  not  be  certainly  over  20  per  cent.  Yet  he 
deliberately  tells  the  world  in  his  draft  proof  that  the  Chelsea 
Company  is  wasting  38  per  cent,  of  its  current.  When  he  read 
his  paper  I  understood  him  to  qualify  this ;  but,  as  62  per  cent. 
is  clearly  obtained  by  the  proportion  between  the  figures  in  his 
third  and  fifth  columns,  it  matters  little  whether  he  withdraws 
62  or  not,  as  long  as  he  leaves  142  in  the  one  and  88  in  the 
other. 

Where  did  he  get  88  from  ?  Indeed,  considering  that  in  his 
letter  to  the  engineers  seeking  for  information  he  asks  no  question 
which  would  give  such  information,  I  am  at  a  loss  to  understand 
where  he  gets  the  figures  in  his  fifth  column. 

Then,  again,  he  has  to  admit  that  his  third  column  has  largely 
to  be  estimated  by  column  four.  I  shall  quote  his  words : 
"  This  difference  *'  (i.e.,  that  between  one  system  and  another) 
*'  is  made  up  very  considerably  by  the  difference  of  *  eflBciency  in 
"  distribution  ; '  I  have  calculated  the  actual  fuel  consumption  at 
"  the  terminals  of  the  dynamo  by  the  efficiency  of  distribution 
"  of  the  two  systems." 

I  leave  the  meeting  to  form  the  only  opinion  which  is 
available  as  to  the  accuracy  of  142. 

No  one  attempts  to  gainsay  his  statements  about  Kensington, 
Knightsbridge,  or  Chelmsford,  but  I  for  one  altogether  repudiate 
his  being  in  a  position  to  give  any  figures  as  regards  the  other 
examples. 

At  the  same  time,  we  should  be  interested  in  knowing  whether 
Kensington  and  Knightsbridge  stations  serve  the  same  or  separate 
and  distinct  networks  of  mains,  and  whether  either  station 
occasionally  or  daily  takes  the  whole  load.  A  knowledge  of  this 
might  go  far  to  explain  the  results  in  their  case. 

Now,  as  regards  Mr.  Crompton's  figures  for  ideal  work,  I  have 
no  patience,  and  I  hope  the  meeting  this  evening  will  run  riot 
with  them. 

But,  unfort,unately,  they  have  been  printed,  and  will  go  out 
to  the  world  with  the  authority  of  Mr.  Crompton,  and  the  ignorant 
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will  be  earried  away  by  the  glamour  of  them,  and  it  will  be  said  ^^Jj 
that  soon  Mr.  Crompton  will  provide  eleetricity  on  those  terms ; 
indeed,  I  don't  know  if  it  has  not  been  given  out  to  all  the 
municipalities  that  he  will  do  so  to-morrow. 

The  worst  of  it  is  that  Mr.  Crompton  deliberately  tells  us  that 
we  in  London,  for  instance,  may  hope  at  no  distant  period  to 
reach  a  condition  of  things  under  which,  while  selling  current  at 
3d.  a  unit,  the  profits  will  be  l'68d.,  or  66  per  cent. 

What  is  to  be  done  to  our  friend  who  (we  hope  thoughtlessly) 
spreads  abroad  such  a  statement  as  that,  after  having  first  told 
us  that  the  average  load-factor  of  the  London  stations  is  still 
a  long  way  ofif  rising  above  20  ? 

Mr.  Mare  Robeson  :  I  wish  to  remark  upon  a  few  points  nr. 
only  in  Mr.  Crompton's  interesting  paper,  leaving  to  others  better 
qualified  than  myself  the  appreciation  of  its  merits  as  a  whole. 
It  is  a  most  practical  paper,  and  one  of  great  importance.     Mr. 
Crompton  has  shown  us  in  time  past  that,  if  he  is  occasionally 
ahead  of  his  times  in  what  he  says,  his  predictions — or  some  of 
them  at  any  rate — have  come  true,  and  I  hope  this  may  be  the 
case  with  the  2*5  lbs.  of  coal  per  unit  sold.     At  the  same  time, 
I  should  like  to  say  a  few  words  upon  the  basis  of  that  calculation^ 
though  without  desiring  to  suggest  that  the  calculation  is  widely 
wrong,  if  it  is  wrong  at  all ;  but  there  may  be  instixiction  in 
reviewing  the  figures  a  little.     It  rests  on  three  factors,  amongst 
otherfr^— viz.,  first,  an  evaporation  of  water  by  the  boiler  of  as 
much  as  12  lbs,  per  pound  of  coal ;  secondly,  on  the  consumption 
by  the  engine  of  only  12  lbs.  of  steam  per  I.H.P, ;  and,  thirdly, 
on  such  a  small  engine  friction  as  to  allow  a  combined  engine  and 
dynamo  eflSciency  of  from  86  to  88  per  cent.     With  regard  to  the  - 
boilers,  it  is  only  necessary  to  say  that  12  lbs.  evaporation  per 
pound  of  coal-j-or  10  lbs.  in  ordinary  work,  including  all  losses^  - 
is  beyond  our  present  practice;   but  we  are  all  improving,  and- 
perhaps  we  may  improve   up  to   this.    Mr.  Crompton   referred 
especially  to  the   dryness   of   steam    from    water-tube    boilers,  ^ 
and   I  would  like  to   say  that   my  company  has   lately  taken 
up   a   French    water-tube   boiler,    from    which    we   hope   greav- 
things,    and     from     which    we    do    actually    get    dry    steam.  - 


474  COST  OF  ELECTRICAL  ENERGY.  [Maj  10th, 

Thames  Ditton  has  perhaps  been  responsible  for  some  onfiuth 
in  times  past  in  regard  to  the  possibility  of  getting  dry 
steam  from  water-tube  boilers;  but  for  many  months  past 
we  have  had  a  Niclausse  water-tube  boiler  under  test  there 
with  extraordinary  results  as  regards  dryness,  there  being 
less  than  i  per  cent,  of  moisture  at  the  full  intended 
rate  of  evaporation.  Mr.  Grompton  has  said  that  in  his 
experience  of  the  Babcock  boilers  he  has  been  able  to  force 
them  very  much  beyond  their  rated  capacity,  and  they  still 
give  dry  steam.  We  have  had  just  the  same  experience  with  the 
Niclausse  boiler ;  it  has  been  driven  at  mare  them  dovhle  its  rated 
evaporation,  and  still  there  has  been  less  than  I  per  cent,  of 
moisture.  It  should  also  be  said  that  about  the  same  time  we 
had  a  Babcock  boiler  under  test  at  Thames  Ditton,  and  the 
results,  as  regards  dryness  of  steam,  were  practically  the  same  as 
with  the  Niclausse  boiler.  As  we  have  spoken  on  this  subject 
before  in  an  opposite  sense,  some  recantation  is  due  from  us. 
Though  we  have  proved  that  our  own  boiler  gives  dry  steam, 
it  would  not  be  honest  not  to  say  that,  so  far  as  we  can  judge, 
any  other  good  water-tube  boiler  should  give  dry  steam  also ;  we 
do  not  claim  it  for  our  own  in  particular.  So  much,  in  the 
opinion  of  many,  depends  upon  the  success  of  water-tube  boilers 
in  the  future,  that  I  believe  this  testimony  to  their  eflSciency  may 
be  acceptable. 

The  next  point  is  engine  consumption,  which  Mr.  Crompton 
takes  at  12  lbs.  of  steam  per  I.H.P.  This  figure  has,  it  is  stated, 
been  reached  by  the  Sulzer  engine.  One  could  wish  that  the 
figures  were  corroborated  by  concordant  results  from  a  good  series 
of  progressive  trials,  or  that  at  least  they  had  been  often 
repeated ;  but  it  would  be  unreasonable  in  the  case  of  a  large 
engine,  which  can  only  be  put  under  full  or  even  partial  load 
when  under  ordinary  working  conditions,  to  expect  it  to  be  tested 
as  we  can  test  a  smaller  engine  at  Thames  Ditton.  Fortunately, 
the  undoubted  competency  of  the  experimenters  in  the  case  of  the 
Sulzer  trials  commands  our  full  confidence.  12  lbs.,  then,  and 
less  than  that,  is  recorded  on  good  authority  as  having  been 
reached  by  the  Sulzer  engine.    Mr.  Willans's  best  experimental 
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figures    at    Thames   Ditton   were    12*8.    and    the    best   actual  ^r. 

^  '  Robinson. 

guarantee  we  have  given  is  13^  lbs.  That  was  with  a  large  mill 
engine  of  500  H.P.,  and  probably  it  includes  a  good  margin.  I 
have  little  doubt  that,  by  carrying  expansion  much  further,  by 
jacketing  to  the  utmost,  and  by  carrying  out  every  refinement 
possible,  we  could  bring  the  consumption  of  the  high-speed 
engine  as  low  as  that  of  the  Sulzer  engine ;  but  in  doing  so  it 
would  be  necessary  to  make  a  larger  engine,  with  larger  cylinders 
and  pistons,  and  therefore  having  more  ring  friction,  and  of 
course  at  a  greater  cost.  With  the  larger  ring  friction  there 
would  be  a  smaller  brake  elBBciency,  and  hence  a  smaller  combined 
elBBciency  in  engine  and  dynamo  together.  It  is  to  be  feared  the 
combined  eflScieney  of  86-88  per  cent,  on  which  Mr.  Crompton 
relies  would  not  in  that  case  be  forthcoming.  This  is  the  point 
I  wish  to  bring  out;  you  cannot  have  your  cake  and  eat  it  too. 
For  extremely  low  steam  consumption  you  want  an  engine  with 
large  cylinders  and  comparatively  large  ring  friction,  and  that  is 
antagonistic  to  a  very  high  combined  efficiency.  On  the  other 
hand,  if  you  seek  a  very  high  combined  efficiency,  you  want  an 
engine  with  little  friction,  and  that  is  usually  inconsistent  with  a 
high  rate  of  expansion  and  extreme  economy.  You  must  not,  in 
&ct,  take  the  lowest  steam  consumption  and  the  lowest  engine 
friction,  and  expect  to  get  both  in  the  same  engine.  Mr* 
Crompton's  paper,  I  am  aware,  deals  with  the  future.  We  are  all 
improving,  and  we  may  come  to  his  figures — ^perhaps  to  the  best 
of  them — ^but  we  are  not  quite  there  yet,  for  you  must  not  expect 
to  get  at  present  both  maximum  steam  economy  and  minimum 
friction. 

Mr.  Baworth  said  that,  although  the  Willans  engine  has 
certainly  a  good  brake  efficiency,  89^  to  90  per  cent.,  other 
vertical  engines  have  the  same;  but  so,  he  added,  has  every  other; 
in  fact,  the  ordinary  vertical  engine,  he  told  us,  has  92  per 
cent,  efficiency,  and  thus  the  credit  generally  given  to  the 
Willans  engine  for  specially  high  brake  efficiency  is  undeserved. 
This  is  good  news,  for  other  people;  but  one  would  like  to 
hear  how  he  arrived  at  it.  Compound  or  triple-expansion 
engines  of  large  enough    size  to   be  worth   discussing  are  not 
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easy  to   handle  on    b-ake   trials,  and    few    pec^Ie    are    lacky 
enough  to  have  sofficientlj  powerfdl  biakes  to  deal  with  them. 
I  preeume  in  Mr.  Raworth's  case,  and  certainly  in  many  other 
cases,  where  engine  friction  is  talked  about,  reference  is  made 
to  friction  cards — that  is,  to  diagrams  taken  when  the  engine  is 
running  light.    But  it  is  not  certain,  because  you  have  taken  a 
friction  card  from  an  engine  running  light,  and  have  found  it  to 
show  8  per  cent,  of  the  full  power,  that  therefore  the  friction  of 
that  engine  vjhen  fvUy  loaded  is  only  8  per  cent.,  and  its  brake 
efficiency  92  per  cent.     The  late  Mr.  Willans  showed  that  in  his 
engine  the  friction  loss  is  approximately  constant  at  all  loads ;  for 
when  coupled  to  a  good  dynamo  the  loss  of  the  two  together  is 
approximately  constant,  and  it  is  not  to  be  supposed  that  the 
dynamo  losses  diminish  as  the  load  increases.     But  there  is  no 
certainty  of  a  like  result  with  a  double-acting  engine.     There 
are  four  principal  causes   of   friction    loss  which  an   ordinary 
engine  suffers  from.      In  the  first  place,  there  is   the   friction 
of  the   piston    rings   and  valve   piston   rings.      That   certainly 
is  practically  independent  of  the  load.    Then,  secondly,  there 
is    slide   valve   friction,  which   in  most  instances  rises  rapidly 
with  the  load,  unless  there  is  a  very  good  system  of  balancing. 
That  source  of  friction  the  Willans  engine  is  of  course  exempt 
from.    Thirdly,  there  is  bearing  friction;  but  where  the  bearings 
are  actually  working  in  oil,  as  in  the  Willans  engine,  this  loss 
does  not  appear,  according  to  the  trials  we  have  made,  to  alter 
materially  with  the  load ;  in  the  double-acting  engine,  where  the 
bathing  with  oil  is  less,  complete,   we  believe  it   does  increase 
with  the  load.      Fourthly,  there  is  some  loss  of  power  due  to 
"  hammering "  in  the  brasses  of  an  engine  in  which  the  thrust 
is  not  always  in  the  same  direction,  due  to  what  the  Americans 
call  "lost  motion."    We  do  not  know  what  its  amount  is,  but 
there  is  little  doubt  that  such  a  loss  exists,  and  increases  with  the 
load ;  obviously,  however,  it  does  not  exist  in  the  Willans  engine. 
Thus  the  single-acting  engine  has  only  sources  of  friction  which 
are  constant,  or  approximately  constant;  whereas  the  engine  to 
which    Mr.    Raworth     has     compared    it    has    also    causes     of 
^nction  which   increase  with   the   load.      Therefore   I   am   not 
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able  to  accept  friction   cards  as   conclusive  of  brake  eflSciency.  Mr. 

Robhiflon 

Unfortunately,  in  suggesting  that  others  are  more  or  less 
theorising  on  this  subject,  I  am  theorising  myself,  and  it 
may  be  of  interest  to  Mr.  Crompton  and  to  Mr.  Baworth 
and  others  to  mention  that  we  hope  to  bring  this  point  to  a 
practical  test  before  long  with  really  large  engines.  Our  friends 
Messrs.  Mather  &  Piatt  are  about  to  put  in  hand  for  us  one  of 
those  water  brakes,  such  as  Professor  Osborne  Beynolds  uses 
(which,  are  free  from  many  of  the  difficulties  which  are  supposed 
to  interfere  with  the  accuracy  of  certain  forms  of  strap  brake), 
large  enough  to  absorb  from  700  to  1,200  H.P.,  and  upon 
which  we  hope  to  be  able  to  run  our  largest  engines.  With 
regard  to  smaller  engines,  the  mean  figures  of  four  brake  tests 
made  under  full  load  at  Thames  Ditton  upon  a  brake  made  on  Mr. 
Ualpin's  plan  (which  also  gives  reliable  figures)  gave  a  brake 
efficiency  of  90*6  per  cent.  The  four  engines  ranged  in  power 
firom  about  60  to  160  I.H.P.,  and  all  were  new  and  stiff,  *and 
certainly  would  have  given  better  results  after  a  few  weeks' 
running,  and  therefore  would  surpass  the  91  per  cent,  which 
Mr.  Crompton  has  given  as  the  best  practice,  and  which  I 
believe  is  very  good  practice  indeed.  Mr.  Crompton  makes  an 
excellent  suggestion  in  regard  to  the  use  of  a  pressure  gauge 
on  the  steam  chest.  If  people  knew  how  much  information 
they  might  get  from  it,  and  how  much  it  would  help  them  to 
watch  what  their  engine  is  doing,  they  would  always  use 
such  a  gauge.  In  the  days  before  electric  launches,  we  had 
a  pressure  gauge  on  the  steam  chest  of  every  launch  engine, 
and  you  could  tell  by  looking  at  it  how  fast  your  boat  was 
travelling';  you  could  set  the  speed  quite  accurately  by  the 
pressure  gauge.  To  give  the  same  advantage  with  automatic 
gear,  we  are  arranging  a  pointer  to  show  the  exact  position  of  the 
cut-off  at  every  moment :  this  will  equally  (with  a  known  steam 
pressure  and  speed)  be  an  index  to  the  power  given  out  at  the 
time. 

Mr.  W.  Geipel  :  I  join  with  others  in  eulogising  the  paper  Mr.  OeipeL 
now  imder  discussion,  which  contains  information  of  the  greatest 
interest  and  importance  to  those  engaged  in  electricity  supply. 
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Mr.  Gdpei.  more  especially  as  it  comes  from  one  whose  experience  in  central 
station  working  is  unique.  That  the  cost  of  supply  should  be 
within  measurable  distance  of  3d.  per  unit,  including  profit,  is 
at  least  -encouraging  to  those  who  have  not  given  the  subject  of 
cost  more  careful  attention;  while  at  this  figure  the  dictum 
pronounced  by  Mr.  Preece  that  the  electric  light  is  the  poor 
man's  light  could  not  longer  be  denied  by  the  most  conservative. 
But,  Sir,  I  hope  to  show  you  that  Mr.  Crompton  has  been 
altogether  too  modest.  Look  at  his  ideal  costs,  and  you  will 
there  see  that  out  of  a  total  of  3d.  he  has  put  l*68d.  to 
profit.  A  large  portion  of  the  paper  is  occupied  in  discussing 
the  item  coal,  which  in  his  ideal  cost  is  put  at  0*27d.,  or 
one-sixth  the  item  of  profit.  I  have  ventured  to  place  on 
the  wall  a  diagram   (Fig.  A)   showing  the  effect  on  the  total 
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cost  of  a  proportional  increase  or  decrease  in  the  cost  ot 
these  two  items,  from  which  you  will  observe  that  a  range  of 
40  per  cent,  above  to  80  per  cent,  below  Mr.  Crompton's  ideal 
makes  a  difference  in  the  price  per  unit  of  0*35d.  in  the  case  of 
coal,  against  2d.  in  that  of  profit.  Again,  I  cannot  imagine  why 
Mr.  Crompton  is  so  eager  in  reducing  salaries,  wages,  stores,  and 
sundries  to  a  mere  fraction  of  what  they  at  present  cost,  and  yet 
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that  he  is  content  to  leave  the  most  serious  item,  profit — ^in  other  nr.  oeip«L 
words,  the  first  cost  of  the  installation — to  others.  He  says  (on 
page  399)  in  speaking  of  this  item,  ^^  We  engineers  have  nothing 
^'  to  say  in  controlling  these  figures."  I  do  not  for  one  moment 
agree  with  him  in  this.  The  reduction  of  the  post  of  electricity 
supply  stations  is  very  largely  indeed  the  business  of  us  engineers. 
In  my  opinion,  the  present  high  price  of  electric  supply  is  due 
mostly  to  an  insufficient  consideration  having  been  given  to  this 
question  of  first  cost.  It  is  certainly  not  always  judicious  to  incur 
every  possible  expense  in  providing  for  saving  in  coal  and  labour 
and  stores  without  regard  to  the  consideration  of  outlay.  For 
example,  costly  chimneys  are  firequently  erected  when  a  less  out- 
lay in  this  respect  would  suffice,  or  condensers  and  economisers 
are  erected  capable  of  dealing  with  the  maximum  load,  the  con- 
sequence being  that  a  large  portion  is  utilised  but  a  mere  firaction 
of  the  year.  Is  it  not  the  function  of  an  engineer  to  so  lay  out 
the  capital  that  the*  cost  of  interest,  depreciation,  and  the  working 
expenses  are  together  a  minimum  ?  Mr.  Crompton  does  not  say 
precisely  how  he  arrives  at  his  first  cost  of  2s.  per  unit  sold  per 
annum ;  but  if  his  basis  is  the  iO  per  cent.  load-fiEtctor  to  which 
he  alludes  further  on,  his  figures  mean  a  cost  of  £175  per  kilowatt. 
It  is  my  opinion  that  the  first  cost  may  frequently  be  less  than 
one-half  this  figure — ^not,  certainly,  on  the  low-tension  direct- 
current  system  upon  which  I  fear  Mr.  Crompton  has  based  his 
figures,  but  with  the  more  modem  alternate-current  system, 
using  high-tension  feeders,  supplying  by  transformers  a  low- 
tension  network.  I  do  not  see  why  the  improvements  which  are 
being  made  in  the  efficiency  and  the  reduction  of  the  cost  of 
alternators  and  transformers  should  not  enable  us  in  future  to 
arrive  at  a  figure  of  £60  per  kilowatt  under  £Eivourable  circum- 
stances ;  at  any  rate,  this  is,  I  hold,  very  much  nearer  possibility 
than  some  of  Mr.  Crompton's  ideal  cost.  General  Webber  gave  ' 
us  the  figure  £75  in  a  recent  paper  before  this  Institution  as  the 
cost  of  the  City  of  London  scheme,  where  there  was  unusual 
expense  in  the  street  work.  Take  even  £80  per  kilowatt,  and 
apply  Mr.  Crompton's  20  per  cent.  load-£Eu;tor,  and  his  own  figures 
for  works  cost  and  management,  and  we  get — 
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Total  works  cost     

d. 
0-5 

Maintenance,  2  per  cent,  on  lld..». 

••• 

•  0-22 

Management           

Profit,  7  per  cent,  on  lid 

... 

0-42 
0-77 

Total       

1-91 

That  is,  less  than  2d.  per  unit. 

I  am  glad  to  hear  that  Mr.  Crompton  has  recently  become  a 
convert  to  the  alternate-current  system,  because  I  feel  that,  with 
further  experience  in  the  first  cost  of  this  system,  and  provided 
•that  he  still  stands  by  his  ideal  figures  as  to  works  cost,  he  will 
at  a  future  day  corroborate  my  figures  of  2d.  per  unit.  I  am  not 
so  sanguine,  however,  as  Mr.  Crompton  upon  one  or  two  points. 
A  20  per  cent.  load-£Eu;tor  is  not  often  recorded  in  central 
stations  in  this  country.  Even  15  per  cent,  is  considered  good. 
Then,  with  regard  to  salaries  and  wages,  he  has  taken  these  at 
0'2d.,  or  one-fourth  of  the  average  of  the  eight  lowest  records  of 
the  companies  in  Ligktning^a  list ;  while  water  and  petty  stores 
he  has  at  0'03d.,  or  one-fifth  of  the  eight  companies'  average.  I  do 
not  see  how  coal  can  possibly  be  reduced  to  2^  lbs.  per  unit ;  but  I 
believe  4  lbs.  may  be  reached,  even  with  English  coal,  which  can 
be  obtained  in  many  towns  at  78.  and  less  per  ton,  making  the 
cost  of  coal  0*1 5d.  per  unit.  Take,  then,  double  Mr.  Crompton's 
f  figures  for  petty  stores,  wages,  and  superintendence,  and  £60  per 
kilowatt:  with  a  15  per  cent,  load-factor  we  obtain— 

d. 


Fuel     

... 

... 

0-15 

Water  .. 

... 

•*• 

001 

Stores  

... 

•  •. 

0-04 

Wages 

... 

••• 

0-20 

Superintendence 

... 

... 

0-20 

Totat 

«.. 

...         1 

0-60 

Maintenance,  2  per 

cent. 

on 

10-9d. . 

0-22 

Management  ... 

... 

..•                « 

0-42 

Profit,  7  per  cent,  on  10-9d. 

•  ••                • 

0-76 

Total 

... 

... 

200 
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as  what  may  be  expected  in  towns  favourably  circamstanced  as  to  Mr.  oefpei. 
load-factor  and  fuel,  or  other  source  of  power,  provided  always 
they    have    had    the  foresight  to  adopt  the  alternate-current 
system. 

I  am  afraid  that  the  figure  Mr.  Crompton  has  given  us — 
namely,  12  lbs.  of  water  evaporated  at  150  lbs.  pressure  per  lb.  of 
coal— ^is  one  the  attainment  of  which  would  gladden  the  hearts  of 
legions  outside  the  electrical  profession.  I  am  aware  that  under 
specially    favourable    circumstances,    with    the    best    fuel    and 
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Mr.  oeSpeL  Conditions,  and  deducting  ashes,  this  result  may  be  attained  on 
occasion ;  but  I  have  not  yet  found  anything  approaching  this  in 
practice,  even  under  circumstances  much  more  favourable  than 
obtain  in  central  station  working.  In  fact,  I  observe  that  further 
on  in  his  paper  a  lower  figure — ^namely,  lOlbs. — is  spoken  of.  At  the 
same  time,  there  cannot  be  a  doubt  that  there  is  room  for  improve- 
ment, and  perhaps  I  may  be  permitted  to  mention  two  methods 
of  setting  boilers  which  I  have  designed  with  a  view  to  reduce 
the  losses  due  to  the  radiation  from  the  boilers,  which  are  put  out 
of  use  each  night,  diagrams  of  which  are  on  the  wall.  One  is 
applied  to  the  Babcock-Wilcox  boiler,  which,  as  you  are  aware,  is 
enclosed  by  a  large  amount  of  brickwork,  absorbing,  as  Mr. 
Crompton  points  out,  a  proportional  amount  of  heat.  In  order 
to  reduce  this  I  have  introduced  a  thermal  insulator  in  the  form 
of  an  air  space  in  the  middle  of  the  side  walls,  so  that  the  outer 
half  does  not  absorb  as  much  heat  as  heretofore.  This  setting  has 
been  applied  to  the  boilers  at  the  Huddersfield  and  other  elec- 
tricity works,  and  has,  I  understand,  been  since  adopted  by  Messrs. 
Babcock  at  other  places,  with  good  results.  The  other  method 
relates  to  cylindrical  boilers  of  the  Lancashire  and  similar  types, 
which  I  arrange  as  follows : — The  gases,  after  passing  through  the 
boiler  and  under,  are  diverted  into  a  main  flue  which  leads  on  to 
the  economiser ;  from  this  they  jmss  by  a  large  side  flue  round 
each  boiler  consecutively  to  the  chimney;  so  that,  whatever 
number  of  boilers  happen  to  be  out  of  use  at  any  time,  they  are 
kept  warm  by  the  waste  gases  of  those  in  use.  There  are  other 
advantages  in  this  type  of  setting,  which,  however,  I  will  not 
refer  to  here.* 

*  The  following  explanatioii  of  the  diagram  C  maj  make  the  arrangement 
more  dearly  onderBtood  :— 

Fig.  1  is  a  plan  showing  the  retting,  the  hoilers  being  removed.  Figs.  2,  8, 
and  4  axe  sectional  elevations,  a  is  the  main  fine  into  which  the  gases  pass  from 
the  internal  fines ;  6, 6,  are  the  dampers  for  closing  the  main  fine,  a,  from  aaj  of  the 
boilers ;  c  is  the  common  retnm  fine  through  which  the  gases  pass  from  the  main 
fine,  a,  by  the  economiser  or  feed  heater  along  the  sides  of  each  boiler  to  the 
chimney,  </.  The  arrows  with  tails  show  the  course  of  the  hot  gases  before  thej 
enter  the  main  flue,  and  those  without  tails  the  course  in  the  return  flue.  When 
adding  an  additional  boiler  it  is  necessary  to  change  the  baffle  plates,  A,  from  the 
positions  shown  in  the  plan  in  full  lines  to  those  shown  in  dotted  lines :  the  gisas 
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I  do  not  agree  with  Mr.  Crompton  that  the  Lancashire  boiler  Mr.  oeipeL 
is  unsuitable  in  all  cases  for  electric  lighting  purposes,  nor  that 
its  efficiency  compares  so  unfavourably  with  other  boilers.  The 
comparison  given  on  page  410  between  the  marine  boiler  at 
Glasgow  and  the  Lancashire  boiler  tested  by  Bryan  Donkin  is 
certainly  unfavourable  to  the  Lancashire,  but  of  all  boilers  the 
Lancashire  is  most  unsuited  for  burning  coke.  It  would  probably 
be  found  that  with  bituminous  coal  the  results  would  be  reversed. 
Mr.  Crompton  speaks  of  a  difficulty  in  utilising  the  hydrogen 
constituents  of  the  coal.  May  I  suggest  that,  provided  there  is 
an  excess  of  the  proportion  of  hydrogen  above  that  required  for 
combining  with  the  oxygen-  already  in  the  coal,  there  should  be 
no  difficulty  with  a  suitable  furnace  in  utilising  the  heat  of 
combustion  ?  I  think  it  has  been  demonstrated  that  bituminous 
coal  can  be  burnt  under  proper  conditions  without  causing 
smoke;  while  the  results  of  tests  of  the  flue  gases,  so  far  as 
I  know,  do  not  show  unoxidised  hydrogen  to  any  extent. 
There  is  this  advantage  with  the  bituminous  or  flaming  coal — 
namely,  that  the  heat  is  less  confined  to  the  grate.  In  other 
words,  it  enables  a  more  gradual  use  to  be  made  of  the  boiler- 
heating  surface.  At  the  same  time,  I  quite  agree  with  the 
author  that  anthracite  coal  has  many  advantages.  I  merely 
point  out  that  there  are  numerous  districts  in  this  country  where 


in  the  return  flue  would  then  pass  in  the  opposite  direction  along  the  sides  of  the 
boilers  to  that  shown  by  the  arrows;  though  in  the  main  flue,  a,  and  economiser 
the  direction  would  remain  the  same.  The  greater  part  of  the  heat  is  taken  from 
the  gases  for  steam-making  before  thej  reach  the  main  flue,  a,  while  part  of  the 
remaining  heat  is  employed  in  keeping  hot  those  of  the  boilers  which  are  not 
actually  in  use.  The  boilers  not  in  use  are  closed  from  the  main  flue,  a,  by  the 
dampers,  b,  whUe  the  gases  from  those  boilers  in  use  pass  along  the  return  flue,  c, 
past  the  sides  of  those  not  in  use.  By  making  the  return  flue,  c,  large,  the  Telocity  of 
the  gases  is  reduced  so  that  they  are  as  long  in  contact  with  the  boilers  as  practicable. 
This  reducing  of  the  velocity  also  allows  of  more  time  for  the  depositing  of  un- 
consumed  combustible,  thus  minimising  the  smoke  emitted  by  the  chimney. 
Another  advantage  of  the  large  return  flue  is  that  the  inspection  or  repair  of  the 
boiler  is  facilitated,  and  the  flaes  are  more  easily  cleaned.  For  example,  the  flue, 
c,  at  the  sides  of  the  boilers  may  readily  be  made  of  sufficient  height  to  admit  a 
man  to  walk  upright  along  it.  A  by-pass  flue,  «,  is  provided  from  the  main  flue, 
a,  direct  to  the  chimney  for  occasional  use  when  it  is  necessary  to  cool  any  of  the 
boilers ;  and  dampers,/ and  ^,  are  provided  for  diverting  the  gases  accordingly. 
VOL,  XXIII.  35 
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Mco^ypei. 'bitummous  coal  can  be  used  with  fe^:  greater  ecoaomy  than 
anthracite  or  Welsh  coal. 
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I  endorse  most  cordially  what  Mr.  Crompton  says  of  ^the 
Babcock  boiler,  and  there  are  one  or  two  important  con- 
siderations in  its  favour  which  he  has   overlooked.     The  great 
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point  which  accounts  for  the  suitability  of  this  class  of  boiler  Mr.  oeipei 
is  in  the  small  quantity  of  fuel  required  for  raising  steam, 
which  is  largely  due  to  the  small  proportion  of  water  contained 
in  the  boiler.  While  in  the  Lancashire  boiler  there  is  as  much 
as  0*8  cubic  feet  of  water  per  square  foot  of  heat  sur&ce,  there  is 
but  0*14  in  the  Babcock.  Allowing  for  the  greater  evaporative 
power  of  the  Lancashire  heat  surface,  there  are,  for  approximately 
every  kilowatt  of  maximum  output,  4  cubic  feet  of  water  in  the 
Lancashire,  against  1  cubic  foot  in  the  Babcock,  to  be  raised  to 
evaporating  point  daily.  Each  cubic  foot  of  water  requires  about 
1  lb.  of  coal  to  raise  it  from  212*^  Fah.  to  366°  Fah.  So  that 
with  a  3,000-kilowatt  plant,  such  as  I  take  it  Mr.  Crompton 
speaks  ofi  there  would  be  about  12,000  lbs.  required  for  the 
Lancashire,  against  3,000  lbs.  for  the  Babcock,  for  daily  steam- 
raising.  For  steaming  there  would  probably  be  required  about 
33,000  lbs.  per  diem  with  either  boiler.    The  proportion,  then,  is  for 

12  000 
the  Lancashire   o^tw^t:,  =  36   per  cent.,  and  for  the  Babcock 

vu,V/vU 

3  000 

^        ,  =  9  per  cent,  only,  for  raising  water  to  evaporating  point ; 

the  net  result  being  for  the  Lancashire  3  lbs.,  against  the 
Babcock  2*4  lbs.,  per  kilowatt- hour.  I  have  used  Mr.  Crompton's 
figures  for  coal  and  load-factor  in  calculating  the  above.  I  am 
inclined  to  believe  that  there  are  cases  where  it  would  be 
advantageous  to  use  a  combination  of  Lancashire  and  Babcock 
boilers  where  bituminous  coal  is  cheap,  using  the  Lancashire  con- 
tinuously, and  the  Babcock  for  the  top  parts  of  the  load  curve.  I 
do  not  think  that  in  placing  the  Babcock  and  Economic  boilers  side 
by  side  on  the  score  of  safety,  justice  has  been  done  to  the  Babcock 
boiler.  In  the  Economic  boiler,  if  I  understand  correctly,  you 
have  the  internal  flue,  which  is,  after  all,  the  most  dangerous 
part  of  a  boiler;  while  in  the  Babcock  there  is  not  only  the 
absence  of  internal  flue,  but  the  parts  of  the  boiler  near  the  fire, 
and  most  susceptible  to  overheating,  are  tubes  containing  water, 
which  could  not  cause  an  explosion. 

I   am    sorry   to    see    that    Mr.   Crompton    recommends    the 
use    of   boiler    fluids,  &c.,    to   keep    the    scale    and   sediment 
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Mr. oeipei.  from  Effecting  the  surfaces;  I  am  of  opinion  that  the  boiler 
IB  not  the  proper  place  to  effect  the  deposit  of  mud  and 
scale.  The  better  cure  is  the  removal  of  the  impurities  from 
the  water  before  it  enters  the  boiler.  This  can  generally  be 
done  in  the  feed  water  heater  or  economiser:  both  carbonate 
and  sulphate  of  lime,  which  are  the  chief  impurities,  are  pre- 
cipitated at  about  260®  Fah. ;  or  the  feed  may  be  treated  before 
it  jiasses  into  the  feed  pipes  with  purifying  apparatus. 

Before  leaving  the  subject  of  boilers,  it  may  interest  the  Insti- 
tution to  know  that  in  the  year  1888  I  made  a  test  at  the  Lyceum 
Theatre,  Edinburgh,  with  a  view  to  ascertaining  how  much  water 
could  be  evaporated  at  150  lbs.  pressure  by  forcing  a  25  actual 
H.P.  Babcock  boiler,  when  I  obtained  about  6  lbs.  water  per 
square  foot  of  heat  surface ;  and  I  may  mention  that  this  boiler 
was  running  daily  two  25-H.P.  compound  engines,  and  that 
without  any  excessive  repair.  Of  course,  when  running  on  full 
load  the  eflSciency  was  low,  and  I  do  not  mean  to  advocate 
habitual  overpressing  to  this  extent ;  in  this  case  there  happened 
to  be  no  option.  This  reserve  power  is,  however,  of  enormous 
importance,  for  it  enables  the  passing  over  of  the  peak  of  the 
load  curve  with  a  smaller  quantity  of  boilers ;  and  though  at  the 
moment  of  forcing  there  may  be  some  loss  of  eflSciency,  it  is 
probably  more  than  counterbalanced  by  the  saving  in  steaming 
further  boilers,  to  say  nothing  of  the  saving  in  capital  outlay  in 
having  less  boilers  to  provide.  I  am  glad  to  see  this  forcing 
advocated  by  Mr.  Crompton,  and  I  am  of  opinion  that  it  may 
often  be  worth  while  providing  blowing  apparatus  to  be  used 
during  the  heavy-load  period,  which,  after  all,  represents  a  mere 
fraction  of  the  whole  year.  On  page  416  Mr.  Crompton  refers  to 
the  average  eflSciency  of  the  existing  alternating  systems  as 
66  per  cent.;  but  this  is  largely  due  to  the  use  of  separate 
transformers  on  scattered  installations,  where  the  same  amount 
of  money  expended  in  distributing  plant  on  the  low-pressure 
system  would  have  produced  a  most  serious  loss  of  potential  and 
energy,  certainly  far  exceeding  the  44  per  cent,  spoken  of. 

It  is  interesting  to  know,  as  an  example  of  the  flexibility  of  the 
alternating  system,  that  at  Huddersfield  they  have  already  run 
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feeders  out  to  the  distant  suburbs,  where  residential  houses  are  Mr.  o«ipot 
being  supplied ;  while  in  Bradford,  where  plant  has  been  in  oper- 
ation so  long,  the  suburban  folk  are  still  crying  out  for  a  supply. 
Even  were  the  efficiency  of  alternating  stations  so  low  as  Mr. 
Crompton  puts  it — though  I  do  not  admit  it — we  have  merely  to 
refer  to  the  curves  on  the  wall  to  see  the  effect  of  this  question  of 
fuel  as  compared  with  capital  outlay.  The  result  of  banking  the 
transformers  is,  however,  making  enormous  improvements  in  this 
respect,  and  in  Mr.  Crompton's  table  this  is  instanced  by  the  82 
per  cent,  of  the  City  of  London  Company.  I  do  not.see  wherein 
lies  the  difference  in  economy  obtained  by  parallel  running  with 
continuous-current  dynamos  as  compared  with  alternators. 

I  am  glad  that  Mr.  Crompton  advocates  superheating  the 
steam.  I  have  for  several  years  been  an  advocate  of  this  practice ; 
but  instead  of  resorting  to  the  use  of  superheaters,  of  which  Mr. 
Crompton  rightly  points  out  the  difficulty,  why  not  evaporate  the 
steam  at  a  higher  pressure,  using  reducing  valves  on  each  boiler  ? 
There  is  no  difficulty  in  working  a  Babcock  boiler  at  200  lbs. ;  and 
if  steam  at  this  pressure  be  reduced  to  150  lbs.  pressure  in  the 
steam  pipes,  you  will  at  once  have  approximately  the  8  per  cent, 
superheating  mentioned  by  Mr.  Crompton.  The  loss  in  the 
steam  pipe  is  undoubtedly  of  the  most  serious  nature,  and  every 
precaution  should  be  taken  to  subdivide  the  steam  pipes  into 
sections  controlled  by  valves,  so  that  only  that  portion  of  the 
steam  pipe  which  is  absolutely  necessary  at  the  time  being  is 
used.  The  follo¥m[ig  rough  calculations  I  have  made  may  be  of 
interest.  Each  square  foot  of  lagged  pipe  when  the  steam  is 
300^  Fah.  above  the  atmosphere  radiates  300  British  thermal 
units  per  hour,  which  amounts  to  about  300  lbs.  of  coal  per 
annum  if  in  continual  use.  Uncovered  surfaces,  such  as  valves 
and  flanges,  radiate  1,000  British  thermal  units  per  hour,  and 
require  about  1,000  lbs.  of  coal,  say  half  a  ton,  per  annum.  I  do 
not  know  exactly  what  area  of  pipe  there  would  be  in  Mr. 
Crompton's  ideal  plant,  but  put  it  at  3,000  square  feet  of  lagged 
and  1,000  of  unlagged  pipes :  this  would  require  about  850  tons  of 
coal  per  annum.  Of  course,  by  turning  off  the  sections  of  the 
pipes  not  in  use,  this  figure  is  materially  reduced. 
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Mr.G^pei.  -  Mr.  GremptoD  speaks  of  the  use  of  surface  eondensers  as 
eBtailiBg  ihe  working  out  of  seTeral  very  difficult  problems  conw 
nected  with  the  thorough  filtering  of  the  oil  eontained  in  the 
exhaust  steam.  Why  use  oil  in  the  cylinders  at  all?  It  is  a 
common  practice  in  the  mercantile  marine,  and  Mr.  Baworth 
never  has  a  drop  put  into  his  cylinders,  condensing  or  non- 
condaising.  This  is  a  very  simple  solution  of  the  difficult 
problem. 

I  confirm  all  Mr.  Crompton  says  as  to  the  wastefulness  of 
direct-driven  feed  pumps.  My  attention  was  first  called  to  this 
about  six  years  ago,  when  I  made  two  six-hours  tests  on  a  20-H.P. 
Babcock  boiler.  In  the  first  case  a  Worthington  pump  was  used, 
pumping  fipom  a  tank  overhead,  in  which  the  water  was  heated  to 
212°  Fah*,  when  7  lbs.  of  Scotch  coal  were  required  i)er  H.P.-hour. 
When  using  an  injector,  feeding  from  a  cold  water  tank,  there  were 
only  6  lbs.  of  the  same  coal  consumed  per  H.P.-hour.  This  is  no 
doubt  due,  first,  to  the  very  slow  piston  speed  at  which  these 
pumps  work,  and  secondly,  to  the  steam  ports  being  full  open  to 
the  end  of  the  stroke.  Since  these  tests,  my  company  have 
designed  a  pump  driven  by  spur  gearing  from  a  high-speed 
engine,  from  which  very  much  more  economical  results  are  obtained. 
I  cannot  agree  with  Mr.  Crompton  that  the  losses  in  the  feed 
pumps  are  due  to  the  intermittent  way  in  which  they  are  worked  5 
in  fact,  a  feed  pump  ought  to  supply  a  continuous  feed,  as  is 
generally  recognised  in  boiler  rooms. 

I  think  it  is  probably  a  slip  that  has  caused  Mr.  Crompton  to 
state  on  page  427  that  he  has  obtained  at  Chelmsford  an  efficiency 
of  76  per  cent.,  which  he  says  is  as  high  as  has  been  reached  by 
any  system  of  •  alternate-current  distribution,  while  a  few  lines 
further  on  he  gives  the  efficiency  of  the  City  of  Iy>ndon  Company 
as  82  per  cent.  In  connection  with  this  question  of  efficiency  of 
distribution,  I  would  point  out  that,  while  with  the  direct-current 
low-tension  system  this  drops  as  the  load-factor  increases,  on  the 
transformer  sub*^tation  system  the  efficiency  increases  with  the 
^oad-factor. 
'  I  have  already  exhausted  your  patience,  but  befcwe  eon* 
eluding   I   should   like  to  ask   Mr.   Crompton   why  he  has  not 
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taken  advantage  of  the  high  thermal  efficiency  of  gas  engines  Mc-GtipeL 
in  order  to  bring  down  hie  coal  consumption.  It  is  well  known 
that  less  than  1  lb.  of  coal  with  gas-producing  plant  suffices  to 
produce  1  H.P^  therefore  IJ^  lbs.  per  unit,  or,  allowing  for  losses 
in  distribution,  1^  lbs.  per  unit,  sold  should  cover  fuel,  as  there  is 
no  loss  in  pipes  due  to  radiation.  My  experience  of  modem  gas 
plant  shows  that,  considering  the  reduced  cost  of  buildings  and 
absence  of  chimney,  the  first  cost  is  not  hr  different  from  that  of 
steam  engines  and  boilers.  As  there  is  no  difficulty  in  running 
alternators  in  parallel  off  properly  arranged  gas  engines,  the  above 
figures  are  sufficient  to  show  that  there  is  at  least  potentiality  in 
this  source  of  power  for  electricity  supply  purposes. 

Mr.  W.  ScHONHEYDER :  I  think  there  ought  to  have  been  Mr.  sohdn. 
noted  the  rate  of  evaporation  in  lbs.  per  square  foot  of  heating 
surface  per  hour.  Without  that  it  is  impossible  to  say  whether 
a  boiler  is  economical  or  not.  The  other  point  I  want 
to  mention  is  in  regard  to  wat^  meters.  It  is  of  great 
importance  that  water  should  be  measured  for  electric  lighting 
stations,  and  Mr.  Crompton  has  been  good  enough  to  refer  to  my 
meter.  He  states  that  it  has  been  fairly  satisfietctory  in  its 
results,  and  I  generally  agree  with  what  he  says  about  it*^I 
mean  both  for  and  against  it.  I  know  that  the  meter  has  in  many 
cases  given  exceedingly  useful  and  accurate  figures,  showing  what 
the  evaporation  of  water  per  lb.  of  coal  has  been,  and  the  duty  of 
electric  lighting  stations  under  various  conditions ;  but  I  am  also 
aware  it  has  in  some  cases  given  trouble,  and  it  is  no  easy  matter 
to  construct  a  machine  which  will  work  satisfactorily  when  the 
only  lubrication  you  get  is  water  that  has  been  heated,  and  from 
which  the  lime  has  been  separated.  It  (the  lime)  forms  a  very 
splendid  grinding  material,  almost  as  good  as  emery,  and  for 
that  reason  some  portions  of  the  meter  have  given  considerable 
trouble.  But  I  have  also  instances  where  it  has  been  worked  sati»- 
fiootorily  up  to  293  degrees,  and  shown  practically  no  sign  of  wear; 
but  in  that  case  the  water  was  exceptionally  soft.  The  part  of  the 
meter  which  has  given  no  trouble  whatever  is  the  valve  face.  There 
we  have  a  kind  of  double — or  eccentric — movement,  which  entirely- 
prevents  any  cutting  or  galling;  and  the  feces  always  remain 
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perfectly  true  and  tight.  In  conclusion,  I  will  just  mention  that 
I  have  arranged  an  improved  meter,  in  which  the  whole  of  the 
seven  rollers  are  entirely  done  away  with  ;  and  I  believe,  as  far 
as  my  experiments  have  gone,  that  it  will  get  over  the  whole  of 
the  difficulties  in  measuring  hot  water. 

Mr.  B.  Hammond  :  I  was  very  sorry  to  hear  the  ungenerous 
opening  speech  of  General  Webber,  because  those  who  are 
accustomed  to  put  these  statistics  together  are  natui-ally  those  who 
know  the  very  grave  difficulties  that  beset  anyone  who  starts  out 
to  do  what  Mr.  Crompton  has  done.  I  regard  this  paper  as  one  of 
the  very  best  which  have  been  prepared  for  the  Institution  for  a 
very  long  time;  and  I  think  it  is  a  very  great  pity  that  the 
opening  speech  of  this  evening  should  have  been  one  that  decried 
the  pa[)er,  its  methods,  and  its  motives.  It  is  impossible  to 
believe  that  Mr.  Crompton  in  collecting  these  figures  was 
aiming  at  proving  some  particular  point  upon  which  he  had 
made  up  his  mind  at  the  start.  I  would  rather,  on  the  other 
hand,  say  that  the  paper  is  a  monument  of  diligence,  and  one  for 
which  we  ought  to  be  very  grateful  to  Mr.  Crompton.  I  was  very 
pleased  indeed  to  get  an  advance  copy  of  this  paper  a  few  days 
before  the  last  meeting,  and  I  will  take  this  opportunity  of  saying 
that  I  am  sure  all  the  members  feel  that  that  is  a  most  excellent 
plan.  In  fact,  I  should  almost  feel  inclined  to  go  a  step  further, 
and  say  that  if  everybody  had  a  copy  of  the  paper  there  would  be 
no  need  for  the  writer  to  read  it — I  mean,  of  course,  that  we  could 
start  off,  as  many  other  institutions  do,  by  having  the  paper  taken 
as  read,  and  beginning  the  discussion  right  away.  A  fortnight 
ago  the  bulk  of  us  had  had  the  paper.  Mr.  Crompton  did  not  do 
justice  to  the  paper  in  reading  it :  he  felt  cramped  for  time,  and 
he  left  out  little  bits  here  and  there,  thus  making  it  somewhat 
disconnected ;  and  if  we  had  had  the  discussion  a  fortnight  ago, 
perhaps  some  of  us  would  have  been  very  much  happier. 

With  regard  to  the  main  point  of  Mr.  Crompton's  paper,  we 
ought  t-o  be  grateful  to  him  for  his  prophecy  of  3d.  per  unit — 
not  3d.  per  unit  as  the  cost  of  production  only,  but  3d.  per  unit 
as  the  price  at  which  we  are  going  to  deliver  electricity  to  the 
consumers.     One  gentleman  this  evening  has  said  that  he  thinks 


1804.]  DISCUSSION.  491 

it  is  a  very  inreat  pity  that  those  outside  should  be  led  to  believe  Mr. 

•^   ^  ^    "^  Hammond. 

that,  while  being  charged  5d.,  5^d.y  6d.,  and  so  on,  3d.  is  the 
correct  price.  I  do  not  share  those  views.  I  think  that  the 
more  we  can  make  outsiders  feel  that  this  industry  is  on  a  basis 
where  we  can  compete  with  every  other  illuminant,  and  compete 
with  it  not  only  in  quality — which,  of  course,  we  absolutely  do- 
but  also  in  price,  the  quicker  our  fortunes  as  electrical  engi- 
neers would  be  made.  With  regard  to  this  3d.,  however,  it 
certainly  is  an  alarmingly  low  figure — of  course  this  is  not  reported 
outside ;  I  am  content  for  the  3d.  to  go  outside.  It  is  attained 
by  a  very  large  output.  Threepence  per  unit  on  five  million  units 
is  £62,500  per  annum,  and  perhaps  Mr.  Crompton  in  his  reply 
would  inform  the  members  how  many  towns  in  England  at  the 
present  time  have  gas  companies  with  such  a  revenue.  And, 
mark  you,  since  3d.  per  unit  is  equivalent  to,  say.  Is.  6d.  or  Is.  9d. 
for  gas,  and  very  few  companies  in  the  country  charge  as  low  as 
that — except  Plymouth,  which,  I  believe,  is  about  2s. — it  would 
be  fair  to  look  out  those  whose  income  would  be  £80,000  or 
£90,000  a  year :  I  think  it  would  be  found  there  were  very  few 
of  them.  Of  course  the  question  of  the  output  is  the  crux  of 
the  whole  question.  In  all  these  comparisons  we  do  forget  too 
often  the  question  of  output.  It  is  impossible  with  any  justice 
to  compare  the  costs  of  two  companies  without  taking  the  question 
of  output  in  consideration  first  and  last.  I  have  been  puzzling 
myself  during  the  last  two  years  as  to  how  it  would  be  possible 
to  hit  upon  some  method  by  which  you  could  exclude  the  factor 
of  output,  but  I  have  failed  to  get  a  solution.  I  think  that  the 
plan  of  finding  out  what  the  extra  units  cost — I  mean  the  extra 
output  of  one  12  months,  as  compared  with  the  preceding — does 
give  one  a  bit  of  a  guide  towards  the  soundness  of  the  costs  of 
working.  If  it  would  be  possible,  having  obtained  a  certain 
output,  whatever  it  might  be,  to  increase  it  by  10,  15,  or  20  per 
cent.,  with  only  an  increase  of  cost  of  2^,  5,  and  7^,  then  those 
works  would  be  in  an  extremely  sound  condition ;  whereas,  if  an 
increase  in  the  load  of  10,  20,  or  30  per  cent,  means  an  increase 
of  cost — for  those  particular  units,  I  mean — of  20,  30,  40,  or  50 
per  cent.,  then  indeed  those  works  are  in  a  bad  way. 
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«'•       ,  Mr,  Geipel  referred  to  the  averaffe  of  some  half-dozen, or 

dozen,  or  the  whole  of  the  companies  in  a  certain  lifib.that  i^e 
mentioned,  and  he  drew  the  attention  of  the  members  to  the 
iact  of  the  very  grave  diflference  that  existed  between  the  ideal 
iigures  of  Mr.  Crompton  and  the  figures  as  they  actually  appeared 
in  that  list.  Here  comes  in  the  question  of  output.  The  basis 
of  Mr.  Crompton's  paper  is  that  some  huge  concern — probably 
only  a  few  of  the  big  London  companies  (the  Westminater, 
possibly,  and  the  St.  James's :  the  Westminster's  output  bordered 
last  year  upon  two  million  units) — should  attain  this  output  of 
five  millions,  and  then  when  so  attained  it  could  manu£Eusture  at 
these  low  costs.  But  it  is  futile  to  compare  with  Mr.  Crompton's 
ideal  figure  the  figures  of  the  companies  in  their  to-day's  position, 
many  of  whose  outputs  are  as  low  as  40,000  or  50,000  units. 

The  next  point  of  Mr.  Crompton's  system  is  omitting  depreoia- 
lion.  Mr.  Crompton^s  reply  no  doubt  would  be  that  he  has  made 
ample  provision  for  maintenance,  and  that  if  ample  provision  be 
made  for  maintenance  there  is  really  no  need  to  set  up  a 
depreciation  fund.  That  is  a  doctrine  that  I  should  like  very 
much  to  hold,  but  which  I  dare  not ;  for  one  cannot  shut  one's 
eyes  to  the  fact  that  even  if  there  were  no  depreciation  of  plant, 
which  probably  would  not  occur  if  properly  managed,  you  have 
antiquation  of  plant.  There  are  some  engineers  who  tell  you 
that  the  particular  plant  they  believe  in  will  never  be  antiquated; 
but  it  is  against  the  eiq)erience  of  engineering  in  the  past>  and 
—tell  it  not  in  Qtith,  nor  to  any  town  councillor — possibly  some 
of  the  alternators  or  some  of  the  dynamos  in  use  to-day  in 
certain  modern  stations  will  not  be  in  use  in  those  stations  10 
years  hence.  I  say  "  possibly,"  and  if  possibly,  then  do  consider  in 
making  your  estimate  of  cost  the  question  of  depreciation,  which 
has  been  entirely  omitted  from  Mr.  Crompton's  ideal  figures. 
With  regard  to  the  capital  account,  Mr.  Geipel  told  us  that  he 
was  surprised  Mr.  Crompton  said  that  it  had  nothing  to  do  with 
costs.  Well,  it  has  very  little  indeed  to  do  with  costs  of  produc- 
tion ;  of  course  it  has  a  great  deal  to  do  with  the  sinking  fund, 
and  it  has  a  great  deal  to  do  with  the  interest  that  has  to  be 
paid  upon  it,  but  as  a  manufacturing  implement  the  question  of 
capital  cost  does  not  go  very  far  into  the  calculation. 
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Mr.  Geipel  said  that  possibly  we  might  reach  the  ideal  figure  Mr. 
of  £60  per  kilowatt.  Well,  it  happens — because  I  notice  in  this 
Institution  one  is  permitted  to  talk  of  one's  own  work — that 
at  Leeds,  where  we  began  with  only  250  kilowatts  last  May, 
and  where  the  suceess  has  been  abnormal,  we  shall,  finish  this 
year  with  900  kilowatts,  only  having  began  last  May«  I  say  at 
Leeds  our  capital  cost  will  not  reach  £60  per  kilowatt,  including 
all  the  central  station  plant,  and  all  the  mains  that  are  at  present 
laid  down.  I  thoroughly  appreciate  Mr.  Grompton's — hints,  I  was 
going  to  say,  but  I  will  use  stronger  words — the  pioneer  way  in 
which  Mr.  Crompton  points  out  to  station  managers  how  they  can 
decrease  their  costs;  but  I  do  think,  and  I  am  sure  you  will  agree 
with  me — and  Mr.  Crwupton  too,  though  he  makes  little  of  it  in 
his  paper — that  really  the  great  secret  of  the  cheaper  cost  of  the 
future  is  in  getting  by^-uaea  of  the  plant.  Gras  owes  its  cheapness, 
as  we  all  know,  to  the  very  great  value  of  its  hy-^produds ;  and  I 
think  we  must  agree  that,  if  electricity  is  going  to  be  supplied  at 
3d.  a  unit,  it  is  on  account  of  the  value  of  its  by-products^  or, 
what  is  practically  the  same,  the  by^uses  of  the  plaiit — uses  to 
which  it  can  be  put  in  those  hours— 20,  21,  and  22  very  often 
out  of  the  24— when  lighting  is  not  called  for.  There  is  only  one 
other  point  I  want  to  mention,  and  it  is  just  to  stand  up  a  little 
for  some  of  the  published  data.  Mr.  Crompton  said  that  be 
preferred  to  rely  upon  the  information  he  got  from  central  station 
managers.  It  is  extraordinary,  when  you  take  up  a  balance-sheet, 
how  very  misleading  it  often  is.  I  will  back  the  published  data, 
if  it  is  properly  audited,  against  the  kind  of  information  received 
from  these  central  station  managers.  For  instance,  I  have  here 
picked  out  one  or  two  balance-sheets  that  possibly  Mr.  Crompton 
may  have  seen  before.  With  regard  to  Birmingham,  I  look  at 
the  oentral  station  costs  there  as  set  forth  in  the  balance-sheet, 
and  I  find  they  are  running  the  station  without  any  engineering 
charges  at  all.  I  read  in  the  printed  retiun — "Proporticm  of 
'^  salaries  of  engineers,  superintendents,  and  officers,  as  certified 
**  by  the  managing  director,  chairman,  or  engineer,  nil"  1 
happen  to  have  had  this  balance-sheet  given  to  me  to  dissect  and 
analyse,  and  I  cannot  accept  it.     Mr.  Crompton  would  take  it  for 
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Mr.  gospel :   it  is  SO  much  prettier  to  look  at,  and  comes  out  cheaper, 

and  so  on ;  but  I  take  a  more  judicial  view  of  it,  and  ask.  Where 
have  they  charged  their  engineering  expenses?  I  find  them 
under  Management,  Salaries  of  Managing  Directors,  &c.,  &c.,  so  that 
a  certain  proportion  of  them  have  to  go  back  to  the  works  costs ; 
because  I  do  not  believe,  although  I  have  not  been  in  Birmingham 
lately,  that  they  are  running  the  works  without  an  engineer. 

Mr.^  Mr.  John  McLaren  :  I  did  not  have  the  pleasure  of  hearing 

this  paper  read,  but  by  the  courtesy  of  Mr.  Crompton  I  have 
been  favoured  with  a  copy,  which  I  have  read  with  great  interest. 
I  can  join  in  the  congratulations  that  have  been  offered  to  the 
reader  of  the  paper  for  the  very  practical  manner  in  which  he 
has  dealt  with  his  subject.  Those  who  know  Mr.  Crompton  would 
not  expect  anything  else.  I  am  not  an  electrical  engineer,  but 
I  am  a  maker  of  engines  for  driving  electrical  machinery,  and 
as  such  I  may  be  allowed  to  make  a  few  remarks  upon  various 
matters  which  have  been  referred  to  in  the  paper.  The  cost 
of  the  electric  light  depends  to  a  large  extent  upon  the 
emplojrment  of  economical  steam  generators  and  motors  for 
the  production  of  the  current,  and  the  measure  of  such  economy 
is  the  amount  of  fuel  and  water  required  to  give  a  stated  result, 
and  the  cost  of  maintaining  the  plant  in  a  state  of  efficiency. 
Boilers  which  upon  evaporative  tests  have  given  a  high  effi- 
ciency may  from  various  causes,  such  as  the  presence  of  water 
in  the  steam  discharged,  be  far  from  economical  in  the  con- 
sumption of  coal  per  I.H.P.  On  the  other  hand,  engines  which 
give  a  good  result  from  the  point  of  view  of  the  amount  of  steam 
used  as  measured  by  the  indicator,  may  give  a  very  low  duty 
when  the  commercial  test  of  the  actual  coal  consumed  is  applied. 
I  think  it  would  be  an  advantage  if,  instead  of  the  numerous 
independent  tests  of  engines  and  boilers  respectively,  with  the 
results  of  each  given  separately,  we  had  more  complete  tests, 
in  which  the  engine  was  tested  in  conjunction  with  its  own 
boiler,  and  the  net  power  given  off  was  compared  with  the 
amount  of  coal  actually  consumed.  It  is  not  so  much  the 
best  boiler  or  the  best  engine  that  we  require,  as  the  best 
combination,    which    may   be   a   very  different  thing.     Never- 
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theless,  experience  enables  us  to  speak  in  general  terms  of  Mr. 
the  efficiency  of  certain  types  of  boilers  and  engines,  and  it 
is  in  that  connection  that  I  wish  to  speak  to-night.  With 
regard  to  boilers,  my  experience  shows  that  the  locomotive 
type  of  boiler  is  the  most  economical  steam  generator  extant; 
and  if  the  fire-bars  be  placed  at  a  suitable  level,  and 
sufficient  grate  area  be  provided,  the  difficulties  with  regard  to 
cleaning  the  fires  will  be  practically  overcome.  I  think  Mr. 
Crompton  does  this  boiler  a  great  injustice  in  putting  the 
evaporation  so  low  as  7  lbs.  of  water  evaporated  per  lb.  of  coal. 
From  10  lbs.  to  11  lbs.  is  more  like  the  average  evaporation, 
and  in  favourable  circumstances  an  evaporation  of  12  lbs. 
from  and  at  212**  may  be  easily  maintained.  I  believe 
the  "  Dry-Back "  type  of  boiler  to  be  a  very  good 
second,  so  far  as  evaporation  is  concerned;  and  where 
the  boilers  are  fed  with  dirty  water  I  would  prefer  it  to 
the  locomotive  type.  I  am  surprised  that  the  Lancashire  tjrpe 
of  boiler  is  so  often  specified  for  electric  lighting  purposes. 
Unless  it  is  supplemented  by  an  economiser,  it  is  comparatively  a 
very  poor  steam  producer.  The  heated  gases  escaping  from  the 
Lancashire  type  of  boiler  are  stated  in  the  paper  with  tolerable 
accuracy  at  about  700*^  Fah. ;  whereas  those  which  escape  from  the 
locomotive  type  of  boiler  are  more  like  400^,  or  very  little  higher 
than  the  temperature  of  the  steam  itself.  This  shows  the  latter 
type  of  boiler  is  much  better  adapted  for  utilising  all  the  heat 
than  a  boiler  of  the  Lancashire  type.  I  have  had  very  little 
experience  with  water-tube  boilers,  but  such  as  I  have  noticed 
have  shown  unmistakable  evidence  of  turning  out  highly  saturated 
steam.  No  wonder  in  that  case  that  a  high  apparent  evaporative 
duty  can  be  shown  ! 

With  regard  to  the  best  tyi)e  of  steam  engines  for  driving  the 
dynamos,  the  diversity  of  opinion  amongst  practical  men  is  both 
surprising  and  puzzling.  Each  particular  type  of  engine  has  its 
own  advocates,  and  no  doubt  there  are  certain  greater  or  le^s 
advantages  connected  with  each  one  of  them.  But  seeing  that 
electricity  as  a  means  of  lighting  has  taken  its  place  amongst  the 
facts  of  the  age,  and  has  evidently  "come  to  stay,"  it  surely 
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McLaren  '  ^^^^^^^^  those  who  are  putting  down  plants  to  give  due  weight  to 
the  questions  of  permanency  and  cost  of  maintenance.  Upon 
these  grounds  I  think  the  high-speed  single-acting  engines  will 
have  to  give  way  to  larger  engines,  say  from  100  to  200  I.H.P., 
running  slower,  and  either  driving  the  dynamos  by  ropes  or  belts, 
or  having  them  of  suitable  size  mounted  upon  a  continuation  of 
the  crank-shaft.  The  high-speed  single-acting  engines,  even  when 
they  are  new  and  in  perfect  working  order,  have  not  by  any 
means  a  monopoly  of  economy,  and  when  they  are  allowed  to 
get  out  of  order  they  may  be  very  wasteful  indeed.  Judging 
from  such  printed  information  as  I  have  aecflBB  to,  the  average 
economy  both  as  to  coal  and  stores  has  been  far  exceeded,  if  a 
record  has  not  been  attained,  by  the  engines  made  by  my  firm  for 
the  Oxford  Electric  Light  OSmpany.  These  engines,  when  tested 
by  Prof.  Goodman  and  INIr.  Wilson  Hartnellwith  a  load  of  122  I.H.P., 
consumed  13*6  lbs.  of  water  per  I.H.P.,  including  that  condensed 
in  the  jackets,  equal  to  a  consumption  of  1*35  lbs.  of  coal  per 
I.H.P.  per  hour.  Mr.  Crompton,  in  Table  VI.,  gives  the  B.T.U. 
per  unit  sold  at  Oxford  at  88,  whereas  with  certain  other  motors 
the  B.T.U.  amount  to  300  or  over.  I  attribute  the  great 
economy  of  these  engines  to  the  fact  of  their  not  only  being  triple- 
expansion,  but  surface-condensing.  I  believe  the  economy  of  con- 
densation has  been  much  overlooked,  especially  the  advantage 
derived  from  its  use  when  running  with  a  low  load-factor.  This 
condition  is  one  of  serious  loss  with  non-condensing  engines, 
whether  single-cylinder  or  compound,  and  I  am  convinced  that 
the  remedy  lies  in  the  more  general  adoption  of  condensation. 

Mr.  McLean.  J.  Hardie  McLean  :  There  are  one  or  two  points  in  Mr. 
Crompton's  paper  in  which  he  criticises  the  Oxford  system,  and 
to  which  I  should  like  to  refer.  Under  the  heading  of  "  Stores 
"  used  in  the  Generating  Station,"  Mr.  Crompton  states  that  the 
decrease  in  the  stores  rates  in  many  companies  has  been  very 
noticeable  during  the  last  few  years.  In  the  case  of  the 
Kensington  Court  works  of  the  Kensington  Company  the  stores 
have  in  some  months  reached  as  low  a  figure  as  0*025d.  per  unit 
sold,  and  there  is  no  doubt  that  even  a  lower  figure  will  be 
reached  as  the  output  and  load-factor  improve.     Mr.  Crompton 
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is  reported  to  have  said,  speaking  of  the  efficiency  of  distribution :  Mr.  McUan. 
"  The  Oxford  figures  came  in  at  such  a  late  period  that  I  was 
**  unable  to  mention  them  in  the  body  of  the  paper.  The  results 
**  are  very  encouraging;  in  fact,  I  think  they  are  too  good  to  be 
"  true,  especially  when  we  come  to  consider  the  corresponding 
"  use  of  stores  in  Table  VII."  Now  in  Table  VII.  Mr.  Crompton 
gives  0-9dd.  as  his  ideal  figure  for  water  and  stores.  Kensington 
Court  works  have  in  some  months  got  below  this  low  figure. 
Why,  then,  should  he  discredit  my  statement  that  we  have  reached 
the  figure  0'045d.,  which  is  still  50  per  cent,  above  his  ideal  ? 

It  is  no  argument  because  other  central  stations  have  iH>t  got 
so  low  that  we  in  Oxford  cannot  reaeh  his  ideal  by  50  per  cent. 
I  am  quite  prepared  to  substantiate  any  figures  that  have  been 
published  by  the  Oxford  Company  with  reference  to  its  system. 
Abo,  Mr.  Crompton  complains  that  he  did  not  get  his  information 
from  Oxford  in  time  to  be  dealt  with  in  the  body  of  his  paper. 
He  got  it  almost  by  return  of  post  when  he  wrote  to  me.  When 
he  makes  the  statement  that  our  figures  are  too  good  to  be  true, 
he  credits  me  with  a  quality  which  I  hope  I  do  not  possess. 

I  think  it  would  be  very  interesting  if  Mr.  Crompton  just  saw 
this  sheet  on  which  we  analyse  our  working  every  day:  it  is 
4  feet  6  inches  long,  and  contains  70  columns.  A  sheet  of  this 
description  must  be  kept  very  accurately,  or  errors  will  creep  in  and 
render  it  useless.  Similar  sheets  for  last  year  were  checked  with 
the  company's  books,  and  found  to  be  practically  correct.  There 
is  another  point  in  his  paper  about  transformer  losses  which  he 
thinks  will  be  interesting  to  many  to  know — namely,  that  the 
circumstances  under  which  they  work  at  Chelmsford  of  supplying 
light  between  certain  hours  has  enabled  them  to  greatly  cut  down 
the  transformer  loss,  so  that  they  have  been  able  to  show  an 
efficiency  of  distribution  reaching  76  per  cent.  If  we  read  a  little 
further  down  the  paper,  we  find  that  they  do  not  supply  the  light 
for  the  24  hours.  It  seems  to  me  a  pity  that  they  do  not  get  the 
light  all  the  day  round  when  they  are  paying  for  it.  At  Oxford 
we  have  a  little  bit  of  both  high  and  low  tension,  you  know  ;  we 
can  give  you  high  tension  and  we  can  give  you  low  tension,  so  to 
speak,  and  we  give  our  consumers  a  continuous  supply. 
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Hr.  McLean  I  think  that,  with  the  output  we  had  last  year  of  only  100,000 
units,  some  of  our  figures  in  Lightning's  list  compare  favourably 
with,  if  they  do  not  beat,  a  good  many  of  Ihe  best. 

We  are  very  small  people  down  there,  and  we  have  to  compete 
with  companies  having  outputs  many  times  greater  than  ours ;  but 
I  think  we  hold  the  record  in  one  or  two  items,  and  we  mean  to, 
I  came  here  to-night  to  substantiate  our  published  figures,  and  I 
am  very  glad  to  have  had  an  opportunity  of  doing  so. 

Mr.  Burnet.  ^j.^  LiNDSAY  BuRNET :  I  agree  with  those  speakers  who 
consider  Mr.  Crompton's  a  useful  and  valuable  paper.  I  would 
confine  my  remarks  to  the  subject  of  boilers.  I  consider  Table  V. 
to  be  most  instructive,  and  that  all  steam  users  and  boiler 
engineers  are  indebted  to  Messrs.  Donkin  for  the  careful  work 
involved  in  preparing  such ;  but,  while  admitting  this,  I  would 
point  out  that  since  only  one  type  of  grate  was  used  for  the 
widely  diflfering  fuels,  and  that  the  eflSciency  varied  so  much, 
the  practical  values  of  the  evaporation  given  in  column  5  can 
only  be  taken  as  true  for  a  given  grate,  boiler,  and  fireman, 
and  not  as  standard  values.  With  respect  to  such  trials,  which 
should  be  made  in  all  large  centres  for  the  purpose  of  arriving 
at  the  practical  values  of  the  different  fuels  obtainable  in  the 
district,  they  cannot,  to  my  mind,  be  complete  without  a  chart 
showing  the  labour  involved  in  the  mere  process  of  firing;  and 
I  have  found  that  this  item,  taken  alone,  in  many  cases  accounts 
for  the  great  difference  there  sometimes  exists  between  a  trial 
result  and  everyday  work.  I  think  that  in  Table  V.  (a)  a  nice  idea 
is  put  forward ;  but,  unfortunately,  the  thermal  value  is  not  yet 
the  true  measure  of  cost,  though  in  my  opinion  it  is  the  duty 
and  special  province  of  electrical  engineers  to  bring  about  the 
required  change  in  this  matter,  just  because  they  sell  light  and 
heat  by  a  really  truer  standard  than  gas  engineers,  who  buy  their 
crude  B.T.U.  and  pay  for  it  according  to  analysis. 

I  sympathise  with  Mr.  Crompton  in  his  remarks  on  the 
mechanical  disadvantage  of  the  true  locomotive  type  boiler  with 
its  small  fire  door,  or  doors,  set  some  distance  above  level  of  fire- 
bars ;  and  would  mention  that  some  years  ago  I  designed  and  made 
a  boiler  of  the  locomotive  type  which  has  been,  and  is,  successfully 
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used,  and  even  with  poor  bituminous  Scotch  coal  (fired  by  hand  Mr.  Burneti 
and  also  by  machine). 

Mr,  Crompton  refers  to  the  semi-marine  boiler — which  in 
Scotland  is  called  the  "Dry-Back  "  boiler— and  to  Messrs.  Paxman's 
modification  of  it,  called  the  "  Economic."  Perhaps,  since  my 
firm  are  the  exponents  of  the  "  Dry-Back  "  type  (though  not  the 
originators),  I  may  be  here  allowed  to  state  that  the  "  Dry-Back  " 
and  the  "  Economic "  are  identical  in  type ;  they  only  differ  in 
proportions  and  detail.  While  the  "  Economic  "  seems  to  work  in 
to  the  ideas  of  those  engineers  who  have  been  accustomed  to 
smaller  diameters  and  greater  lengths,  the  "  Dry-Back  "  comes  in 
better  for  those  engineers  who  must  have  larger  furnaces,  more 
room  for  internal  inspection,  and  more  simplicity  and  strength  in 
the  brickwork  setting;  and  since  we  are  within  measurable 
distance  of  Government  supervision  of  all  steam  boilers,  the  last 
two  requirements  are  of  considerable  importance  to  the  steam 
user. 

No  one  will  deny  that  the  Babcock  boiler  has  enabled  steam 
users  of  a  certain  class  to  obtain  high  results.     Good  results  have, 
however,  invariably  been  obtained  only  with  Welsh  coal,  or  a  coal       ~       ' 
with  a  high  percentage  of  fixed  carbon,  comparatively  pure  water, 
and  careful  attendance. 

The  radiation,  though  relatively  serious  in  the  case  of  a  single 
boiler  of  this  type,  cannot  be  of  much  account  in  a  range  of  more 
than  three  boilers,  if  the  ash-pit  and  damper  doors  are  in  order  and 
properly  worked.  I  am  a  little  surprised  to  note  how  Mr. 
Crompton  so  lightly  passes  over  the  more  or  less  difficult  problem 
of  cleaning  these  boilers.  Of  course  it  is  purely  a  question  of 
degree— -i.€.,  how  bad  is  .the  water,  how  mi. oh  boiler  fluid  is 
required,  and  how  many  T.U.  are  lost  in  blowing  out. 

I  sjrmpathise  with  Mr.  Crompton  in  what  he  says  about  the 
good  old  servant,  the  Lancashire  flue  boiler,  when  designed  and 
used  for  modem  high  pressures,  and  believe  that  if  the  care  and 
intelligence  of  those  in  charge  have  not  risen  along  with  the 
pressures  now  carried,  we  might  have  some  terrible  accidents.  If 
one  glances  over  any  insurance  company's  report  and  sees  how 
much  trouble  arises  from  grooving,  &c.,  in  the  ends  and  flues,  even 
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U^  Burnet  in  the  well-designed  low-pressure  flue  boilers  with  lighter  scant- 
lings, one  is  apt  to  be  sceptical  as  to  the  life  of  this  type  when 
built  of  heavy  scantlings  for  high  pressures. 

With  regard  to  the  three  types  of  steam  generators  mentioned 
in  the  paper — i.e.,  the  flue  boiler,  which  may  be  taken  as  a 
slow-speed  boiler ;  the  tubular  boiler,  as  a  medium-speed  boiler ; 
and  the  tubulous  boiler,  as  a  high-speed  boiler  (speed  in  this  case 
meaning  rate  of  transmission) — I  think  that  it  is  the  duty  of 
boiler  engineers  and  makers  now  to  analyse  their  merits  as  to 
eflSciency  at  different  speeds  of  working,  just  as  the  late  Mr. 
WiUans  did  so  completely  and  carefully  with  his  engines ;  also, 
that  there  is  no  simple  answer  to  the  question  of  what  is  the  best 
boiler, — that  there  is  no  "  all-round  "  best  boiler, — and  thus  the 
boiler  engineer  must  be  supplied  with  full  particulars  (such  as 
space  available ;  output  required,  with  a  note  as  to  the  variation 
in  rate  of  output,  if  there  be  any ;  qualities  of  water  and  fuel 
available  or  to  be  used,  with  their  respective  costs  at  the  site),  to 
enable  him  to  do  the  best  for  the  electrical  engineer. 

Yet  it  would  appear  that  where  higher  intelligence  is 
available,  as  at  electrical  light  and  power  stations,  a  more  or 
less  high-speed  boiler  satisfies  the  conditions  for  commercial 
economy. 

Tables  III.  and  IV.  are  most  instructive,  and  would  show  what 
great  scope  there  is  for  still  greater  intelligence  and  care  on  the 
part  of  firemen;  but  I  do  not  consider  it  safe  to  make  such 
comparisons  as  Mr.  Crompton  does  in  caUing  your  attention  to 
the  difierence  between  Dr.  Kennedy's  trial  at  Glasgow  and  Bryan 
Donkin's  in  London,  both  with  gasworks  coke.  This  fuel  has 
widely  differing  heat  values,  dependent  on  the  qualities  of  the 
coal  used  at  the  gasworks,  and  also  dependent  on  its  state  (i.«.,  as 
to  size,  and  also  amount  of  water  held)  when  delivered  at  site. 

I  agree  with  Mr.  Crompton  in  respect  to  the  use  of  forced  or 
artificial  draught,  but  would  say  that  the  fuel  must  be  very  cheap 
indeed  where  one  could  afibrd  to  use  a  simple  steam  jet  for 
this  purpose. 

In  conclusion,  I  desire  to  thank  the  President,  Vice:£rejdde&t, 
and  members  of  this  Institution   for  their .  courtesy  in  having^ 
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allowed  me  to  offer  these  remarks  on  a  subject  in  which  I  take  Mr.  Bumet. 
very  great  interest. 

The  Chairman:  Before  adjourning,  I  have  to  announce  that 
the  scrutineers  report  the  following  candidates  to  have  been  duly 
elected:  — 

Associates: 


Frederick  Herbert  Berry. 
Arthur  Carpenter. 
Harold  William  Couzens. 
Svend  Aage  Faber. 


A.  G.  Jeffreys. 
Chas.  Wm.  Godson  Little. 
T.  Blackwood  Murray,  B.Sc. 
Richard  Wesley  Olver. 


William  Turvey. 


Students: 


Ernest  Cardin. 
Reginald  Charles  Carty. 
Walter  Harding  de  Winton. 

The  meeting  then  adjourned. 


Gerald  Graham. 
Arthur  Patrick  O'Brien. 
Robert  John  Strike. 
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The  Two  Hundred  and  Sixty-sixth  Ordinary  General  Meeting  of 
the  Institution  was  held  at  the  Institution  of  Civil  Engineers, 
25j  Great  George  Street,  Westminster,  on  Thursday  evening. 
May  24th,  1893,  Mr.  Alexander  Siemens,  M.  Inst.  C.E., 
President,  in  the  chair. 

The  minutes  of  the  Ordinary  General  Meeting  held  on  May 
10th  were  read  and  approved. 

The  names  of  new  candidates  for  election  were  announced, 
and,  this  being  the  last  meeting  of  the  session,  it  was  agreed  that 
the  candidates  should  be  balloted  for  that  evening. 

The  following  transfers  were  announced  as  having  been 
approved  by  the  Council : — 

From  the  class  of  Associates  to  that  of  Members — 
James  Brockie. 

From  the  class  of  Students  to  that  of  Associates — 


W.  E.  Fowler. 

Montague  Herbert  Galsworthy. 


Arthur  Edward  Langdon. 
Mark  S.  Poore. 


Mr.  Charles  Bright  and  Mr.  H.  E.  Mitchell  were  appointed 
scrutineers  of  the  ballot  for  new  members. 

Donations  to  the  Library  were  announced  as  having  been 
received  since  the  last  meeting  from  Messrs.  Whittaker  &  Co. ; 
Professor  H.  S.  Carhart,  Foreign  Member;  and  Professor  S.  P. 
Thompson,  F.R.S.,  Member;  to  all  of  whom  the  thanks  of  the 
meeting  were  unanimously  accorded. 

The  President  :  We  will  now  resume  the  discussion  on  Mr. 
Cromptx)n's  paper,  and,  as  several  gentlemen  have  expressed  a 
desire  to  speak,  I  hope  the  various  speakers  will  endeavour  to 
curtail  their  remarks  as  much  as  ix>ssible. 

Mr,  E.  C.  DE  Segundo  :  There  are  so  many  points  of  great 
interest  to  which  I  think  one  might  call  attention  in  Mr. 
Crompton's  very  valuable  paper,  and  as  so  many  gentlemen  have 
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spoken,  and  probably  will  speak,  upon  the  essentially  practical  gj|^^, 
detail,  I  should  like  to  confine  my  remarks  to  a  brief  consideration 
of  what  Mr.  Crompton's  "  ideal  possible  "  efficiencies  really  mean. 
In  considering  efficiencies  in  connection  with  a  subject  of  this 
sort,  I  think  it  is  wiser,  perhaps,  to  compare  the  efficiencies  with 
the  best  possible  efficiency,  rather  than  with  the  absolute  efficiency. 
Mr.  Crompton  assumes  in  his  ^^  ideal  possible "  scheme  that 
boilers  can  be  made  which  will  evaporate  12  lbs.  of  water  at  150  lbs. 
per  square  inch  per  lb.  of  fuel.  Now.  a  boiler  cannot  do  more 
than  it  possibly  can,  and  in  ordinary  practice  can  only  be  expected 
to  get  somewhere  near  it.  For  the  complete  combustion  of  1  lb. 
of  average  coal  10*7  lbs.  of  air  are  necessary;  hence,  altogether, 
11*7  lbs.  of  gaseous  products  will  find  their  way  into  the  chimney. 
Assuming  now  that  these  products  of  combustion  go  away  at 
400®,  and  that  they  were  allowed  into  the  furnace  at  60®,  there 
would  be  carried  away,  roughly,  915  thermal  units.  That  is 
absolute  loss.  This  heat  cannot  be  utilised  in  any  way. 
Subtracting  that  from  the  14,100  thermal  units  which  may  be 
taken  as  the  calorific  value  of  such  coal  as  we  are  considering,  the 
maximum  possible  evaporation  per  lb.  of  fuel  becomes  12*8  lbs.  of 
water  at  150  lbs.  per  square  inch  pressure.  Mr.  Crompton's 
estimate  of  12  lbs.  per  square  inch,  therefore,  means  a  relative 

efficiency  of  — r^r-^ —  =  93  per  cent,  in  the  boilers  ;  but  we  know 

quite  well  that  it  is  not  always  possible  to  regulate  the  air  supply 
so  exactly  that  only  the  amount  theoretically  required  for  the 
chemical  combustion  of  coal  alone  is  admitted;  and  assuming 
that  we  admit  18  lbs.  of  air  per  lb.  of  coal  consumed  (which  I  do 
not  think  is  too  liberal  an  allowance),  our  maximum  possible  is 
reduced  from  12*8  lbs.  to  12*25  lbs.  of  water  at  150  lbs.  per  square 
inch  per  lb.  of  fuel.  Therefore  Mr.  Crompton's  assumption  of 
12  lbs.  now  really  means  a  relative  efficiency  of  nearly  100  per  cent. 
Mr.  Crompton's  figure  might  no  doubt  be  realised  with  a  better 
quality  of  fuel,  but  in  any  case  it  is  worth  while  bearing  in  mind 
that  it  is  an  extremely  high  ideal  which  is  set  before  us.  As  regards 
the  engine,  the  author  says  in  his  paper  that  engines  will,  and  can, 
be  made  for  us  which  will  give  us  1  I.H.P.-hour  per  13  lbs.  of  steam 
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Mi.d«       :wheii  loaded  from  half  to  ibree-quarters  full  load.     I  think  those 
asre  the  figures.   Now,  working  that  out  in  a  similar  "manner,  I  find 
that  13  lbs.  of  steam  at  150  lbs.  per  square  inch  contain  nearly  iilto- 
gether  13,400  thermal  units.    1  LH.P.-hour  is  equivalent  to  2,540 
thermal  units.     Therefore  Mr.  Crompton's  assumption  amoutits  to 
a  heat  efficiency  of  19  per  cent,  for  the  engine,  which,  I  submit, 
is  again  a  very  high  ideal  indeed  to  look  forward  to  in  everyday- 
work.     Then,  if  we  come  to  consider  what  one  might  reasonably 
^eipect  in  ordinary  practice,  and  start  with  1  lb.  of  good  coal  of  a 
calorific  value  of  14,500  thermal  units,  we  may,  I  think,  reasonably 
adsume  70  per  cent,  as  the  all-round  efficiency  for  the  boiler  which 
can  be  calculated  upon  to  be  realised  in  everyday  practice;     If 
we  subtract  10  per  cent,  for  stand-by  losses,  we  find  that  the 
thermal  units  in  1  lb.  of  coal  have  sunk  from  14,500  to  9,140. 
From  calculations  based  upon  the  results  of  actual  work,  I  find 
that  10  per  cent,  is  about  the  outside  absolute  efficiency  which 
one  can  count  upon   for  a  high-pressure  non-condensing  steam 
djmamo — that  is  to  say,    the   ratio  of    thermal  equivalent   of 
E.H,P.-hour  to  heat  energy  in  steam  per  1  H.P.-hour.     Therefore 
that  brings  us  down  to  914  thermal  units,  which,  if  we  subtract 
10  per  cent,  for  distributing  losses,  leaves  823.     Now  1  kilowatt- 
hour  is  equivalent  to  3,430  thermal  units ;  therefore  apparently  we^ 
cannot  hope  to  realise  in  practice  a  lower  efficiency  than  about 
4  lbs.  coal  of  a  calorific  value  of  14,500  thermal  units  per  lb. 
per  kilowatt-hour  delivered  to  the  consumer's  terminals. 

The  next  point  which  I  think  is  worth  a  little  consideration  is 
this :  The  pubUc  do  not  understand  anything  about  watts ;  they  do 
not  wish  to  buy  watts, — they  buy  candle-power, — and  they  only 
think  of  the  amount  of  light  they  get  as  compared  with  the  bills 
they  are  called  upon  to  pay.  What  engineers  have  to  consider 
in  attempting  to  popularise  electric  lighting,  so  to  speak,  is  to 
bring  it  more  and  more  nearly  to  the  price  of  gas.  The  present 
efficiency  boilers,  engines,  and  dynamos  leave  comparatively  little 
room  for  improvement ;  whereas  there  is  a  practically  unlimited 
scope  for  invention  and  improvement  in  the  distributing  system, 
and,  above  all,  in  incandescent  lamps.  Now,  if  the  incandescent 
lamp  could  be  so  improved  as  to  give  1  candle-power  for  2  J  watts. 
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ivith  tfa^  eame  peroentage  lose  of  candle-po^iner  ^d'the^mune  life  Mr.  da 
as  with  4  watts,  it  would  be  equivalent  to  bringing  down  the 
price  of  the  electric  light  to  the  consumer  from  6d.  to  8|d.  per 
unit.  By  using  the  Robertson  lamps  at  2^  watts  per  candle 
efficiency,  which  are  guaranteed  not  to  lose  more  than  25  per  cent, 
of  the  original  candle-power  during  a  life  of  400  hours,  the  cort  of 
the  electric  light,  on  the  basis  of  light  for  light,  is  equivalent 
(including  cost  of  renewals)  to  gas  at  3s.  6d.  per  thousand  cubic 
feet. 

I  cannot  conclude  without  paying  my  personal  tribnte  <tf 
respect  and  gratitude  to  Mr.  Crompton — respect  for  his  tmtiring 
zeal  and  painstaking  research  in  the  field  of  electrotechnics,  and 
gratitude  for  his  generosity  in  giving  to  all  of  us  so  admirably 
summarised  an  account  of  his  wide,  and  indeed  unique,  esperience 
in  electric  lighting. 

Mr.  Jambs  N.  Shoolbred  :  There  are  many  points  wtich  Mr.  Mr. 
Orompton  has  raised  in  his  very  valuable  paper,  but  I  wish  only 
to  touch  upon  one  or  two  of  them. 

With  respect  to  what  are  termed  in  the  paper  ^  works  losses," 
these  losses  are  much  more  serious  in  amount  than  is  genen^y 
supposed ;  and,  moreover,  they  arise  irom  causes  whidi,  as  a  rule, 
are  much  mcore  easily  preventable  than  is  the  case  with  those  in 
the  boilers,  the  engines,  and  the  dynamos.  These  works  losses 
appear  to  concentrate  themselves  in  great  measure  within  the 
connections  between  the  engines  and  the  boilers  ;  and  they  seem 
in  great  measure  to  be  due  to  variations  in  temperature,  causing 
leaki^  and  condensation  in  the  pipes,  and  breakages  in  the 
joints.  A  great  deal  of  the  loss  is  due,  apparently,  to  the 
injurious  system,  which  is  still  followed  in  some  •  cases,  of  ex- 
tinguishing the  fires,  instead  of  banking  them.  The  temptation 
to  do  this  is  greater  with  water-tube  boilers  than  with  others, 
owing  to  the  facility  with  which  the  fires  are  extinguished  and 
steam  got  up  again. 

I  cannot  follow  Mr.  Crompton  when  he  says  that  LaneashiKe 
boilers  seem  to  produce  rather  worse  results  than  water<^tube 
boilers ;  since  in  the  water-tube  boiler  this  extinction  of  the  fires 
and  the  cooling  down  of  this  system  of  connections,  and  the 
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consequent  losses  which  arise  there Arom,  should  also  be  taken  into 
consideration. 

In  Table  VI.,  and  in  other  parts  of  his  paper,  Mr.  Crompton. 
treats  of  the  relative  economy  of  the  various  systems  of  "  direct " 
(i.e.,  low-pressure)  or  of  "  converted "  (i.e.,  high  pressure— 
whether  "  alternating "  or  "  continuous "),  and  of  the  various 
economies  which  the  "  direct "  system  presents,  especially  when 
"  storage,"  by  the  use  of  secondary  batteries,  is  included  in  it. 

By  the  courtesy  of  the  Bradford  Corporation,  I  have  been 
enabled  to  place  on  the  table  a  number  of  ampere-output 
diagrams,  extending  over  a  period  of  four  years ;  and  which  thus 
show  the  progressive  working  of  that  station.  These  diagrams 
indicate  horizontally  the  time  from  midnight  to  midnight,  and 
vertically  the  ampere  output ;  and  they  indicate  very  clearly  when 
the  dynamos  are  providing  the  supply,  and  when  the  storage 
batteries  are  working  unaided.  It  will  be  seen  from  the  diagrams 
that  there  is  a  considerable  period  in  the  24  hours  during  which 
the  steam  engines  are  stopped,  and  the  supply  carried  on  entirely 
by  the  storage  batteries ;  resulting  in  a  very  sensible  economy  in 
wages  and  in  coal,  arising  from  such  relief  to  the  generating 
plant*  During  the  three  years  that  storage  had  been  in  use  at 
Bradford,  the  average  duration  of  the  reUef  to  the  generating 
plant  out  of  the  24  hours  had  been  :  In  1891,  12  hours,  or  50  per 
cent. ;  in  1892,  10 J  hours,  or  about  45  per  cent. ;  while  in  1893 
this  was  reduced  to  five  hours,  or  only  20  per  cent.,  owing  to  the 
large  increase  in  the  demand;  thus  proving  Mr.  Crompton's 
statement  that  it  was  in  the  earlier  stages,  when  the  demand  was 
small,  that  storage  was  especially  valuable  in  a  central  station. 
One  cannot,  therefore,  close  one's  eyes  to  the  fact  that,  owing  to 
the  considerable  economy  in  wages  and  in  coal  due  to  the  use  of 
storage,  any  system,  whether  "  alternating "  or  not,  which  would 
oblige  the  generating  plant  to  be  run  during  the  entire  24 
hours,  must  naturally  be  more  expensive  in  itself  than  where 
storage  is  used. 

I  have  been  enabled,  likewise,  to  place  before  the  meeting 
some  diagrams  which  show  the  proportion  of  working  expenses  to 
the  receipts,  as  well  as  the  relative  cost  of  coal,  of  wages,  and  of 
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water — in  all  cases  extendinc:  over  the  four  years  1890-93 — and  Mr. 

Jr  ,  -  ,  Shoolbred 

which  represent  the  actual  facts  as  taken  from  the  accounts  issued 
by  the  Bradford  Corporation. 

It  is  interesting  to  note  how,  during  the  latter  two  out  of  the 
four  years,  the  working  expenses  have  kept  nearly  constant  at 
about  50  per  cent,  of  the  receipts,  and  the  working  cost  per  unit 
at  about  S^d. ;  thus  indicating  what  might  be  termed  the 
"working  ratio  of  production** — a  figure  which  will  not  be 
improved  by  extending,  beyond  a  certain  point,  the  radius  of 
the  supply.  Thus  confirming  Professor  Kennedy's  remarks,  that 
there  is  a  limit  beyond  which  it  may  become  more  economical 
to  erect  a  second  station. 

Mr.  Geipel  in  his  remarks  spoke  of  the  proportion  of  the 
capital  to  per  unit  sold,  which  Air.  Crompton  put  at  2s.,  being 
in  his  (Mr.  Geipel's)  opinion  an  almost  impossible  figure, 
especially  with  continuous-current  installations.  Now  the  result 
of  the  working  of  the  Bradford  station  in  1893  had  been,  that  the 
proportion  of  capital  expended  was  only  28.  6d.  per  unit  sold,  and 
that  even  during  the  coal  strike  of  the  last  half-year ;  so  that  28. 
might  certainly  be  expected  to  be  reached  before  long, 

Mr.  Hammond  had  also  mentioned,  that  if  the  2s.  ever  was 
reached,  it  would  require  a  sale  of  millions  of  units  before  it  could 
be  done.  But  the  low  rate  just  referred  to  at  Bradford,  in  1893, 
had  been  effected  on  a  sale  of  slightly  under  half  a  million  units. 
It  seemed  somewhat  anomalous  to  hear  Mr.  Hammond — supposed 
to  be  so  wedded  to  "  alternating "  as  not  to  think  of  anything 
except  lighting — ^now  state  that  it  was  in  the  "  by-uses,"  as  he 
termed  them,  of  the  energy,  that  the  chief  financial  hopes  of 
central  stations  lay.  No  doubt  the  economies  effected  at  Bradford 
and  at  other  similar  low-pressure  "  continuous  "  stations  by  the 
use  of  storage,  and  of  motor  working,  as  well  as  of  various  other 
applications  of  that  kind,  were  becoming  appreciated  by  those 
who  had  formerly  overlooked  these  advantages. 

In  conclusion,  I  must  again  thank  Mr.  Crompton,  not  merely 
for  all  the  trouble  he  has  taken  in  compiling  a  mass  of  very 
valuable  and  highly  interesting  information,  but  also  for  the 
economies  which  will  no  doubt  follow  later  on,  and  which  many 
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Miw  of  US  will  reap  great  benefit  from,  in  the  (Reaper  iMKkiotioii  of 

electrical  energy. 
Mr.  Mr.  E.  N.  Henwood  :  Mr.  Crompton  has  spoken  of  24  lbs.  of 

HoQwood. 

coal  per  I.H.P.  per  honr  as  being  the  ordinary  vork  done  in  1883. 
Of  course  he  is  perSectly  well  aware  that  during  the  last  10 
years  the  consumption  of  coal  in  marine  boilers  has  loeen 
reduced  to  1*7  lbs.  per  I.H.P.  with  triple-expansion  engines. 
Although  people  have  still  stuck  to  ooal,  no  method  has,  «ven 
daring  the  last  60  years,  been  devised  by  which  camjphU 
combustion  can  be  obtained  with  such  a  poor  combustible  as 
coal.  There  is  invariably  a  loss  of  about  25  per  cent,  of  in- 
combustible ash ;  but,  further,  the  system  of  hand  firing  by 
shovels  is  so  crude,  unscientific,  and  wasteful  that  It  ought  to  be 
discarded.  Mr.  Crompton  has  expressed  his  opinioa  that  the 
mechanical  stoker  is  still  more  inefficient  and  wastefol.  In  this 
I  entirely  concur.  But  he  passes  over  the  grave  loss  occasioned 
by  the  heat  imparted  to  the  fire-bars,  which  has  no  usetfdl  effect, 
but,  on  the  contrary,  is  destructive;  and  even  with  wood- 
burning  in  a  steamer  it  was  found  that  the  ordinary  ca^-iron 
fire-bars  were  quickly  burnt  out.  I  am  aware  that  recently  some 
attempt  has  been  made  to  use  tubes  filled  with  water  as  fire-bars, 
so  as  to  utilise  some  of  the  heat ;  and  great  loss  is  occasioned  by 
the  constant  opening  of  large  furnace  doors  while  firing  up, 
thereby  admitting  such  an  excessive  amount  of  cold  air  that 
the  effectiveness  is  seriously  impaired  and  the  boilers  are  in- 
jured. I  quite  concur  with  the  author's  views  when  he  says  that 
it  pays  best  to  use  nothing  but  fuel  of  the  highest  calorific  value. 
And,  further,  he  says,  "We  find  very  rarely  that  any  form  of  fomaoe 
*•  now  in  use  is  able  to  utilise  any  considerable  percentage  of 
♦*  these  hydrogen  units."  In  a  properly  constructed  fomaee  these 
valuable  units  can  be  utilised  to  their  fall  value,  especially  in  an 
oil-fuel  fired  furnace ;  but  time  does  not  permit  of  going  farther 
into  this  subject.  He  then  goes  on  to  refer  to  the  various  types 
of  boilers.  I  have  no  doubt  the  meeting  is  perfectly  aware  that 
at  the  Glasgow  electric  lighting  station  they  have  used  the  retuni 
tube  boiler  of  marine  type.  While  I  am  no  advocate  for  any 
inferior  type  of  boiler,   I  must  say  that,  in  my  judgment,   an 
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interoally  "fired  bailer  is  to  i)e*  preferred  to  any  other.    At  the  Mr. 
atone  time,  if   an  improved   water-tube  boiler  be  devised  so 
ad  to   dispense   with   fire-bars  and  a  cold  ash-pit,  it  will  be 
an  improvement  to  be  desired. 

I  am  glad  to  find  that  the  author  speaks  so  well  of  the 
Babcock  &  Wilcox  boiler,  and  states  that  it  can  be  forced 
without  priming.  It  is,  of  course,  of  primary  importance  to 
use  pure  water;  and  it  is  advisable  to  use  a  filter  for  the 
feed  water  to  pass  through,  and  so  keep  it  free  from  impuri- 
ties of  any  kind.  Mr.  Crompton  further  states  that  9f  lbs.  of 
water  have  been  evaporated  per  lb.  of  coal,  and  that  the  gases 
leave  the  boiler  at  a  temperature  slightly  in  excess  of  that  of 
steam.  It  would  be  useful  if  he  were  to  tell  us  the  temperature  of 
the  feed  water,  and  what  means  were  employed  to  accurately 
measure  the  quantity — if  by  a  water  meter,  or  by  tanks. 

Then  he  goes  on  to  speak  of  oil-fuel.  I  want  to  place  on 
record  that,  in  my  judgment,  it  is  utter  loss  to  attempt  to  use  coal 
when  you  are  burning  oil,  because  it  will  not  add  anything  to  the 
eflfect,  but,  rather,  diminish  the  heat  obtained  from  the  oil.  In  a 
properly  constructed  furnace  for  burning  oil-fuel  the  conditions 
are  essentially  different  from  those  which  are  in  operation  when 
burning  coal.  In  an  oil-fired  furnace  you  need  to  have  the  ad- 
mission of  air  strictly  under  control,  and  be  able  to  prevent  any 
large  accession  of  injurious  air  being  drawn  into  the  furnace,  as  is 
the  very  detrimental  and  unavoidable  custom  when  firing  with 
coal.  Moreover,  with  a  properly  constructed  oil-fired  furnace  you 
obtain  complete  and  perfect  combustion,  entirely  avoiding  the 
nuisance  of  smoke,  soot,  &c.,  and  the  loss  occasioned  by  the 
constant  feeding  and  cleaning  of  the  fires,  which  necessitates  the 
floor  being  frequently  kept  open. 

The  author  then  makes  various  remarks  on  several  types  of 
boilers ;  and,  with  your  permission,  I  would  draw  attention  to  an 
improved  type  of  water-tube  boiler  known  as  Petersen's;  and  it  is 
00  fax  in  advance,  in  point  of  value,  of  any  other  which  has  been 
devised,  that,  if  the  meeting  will  permit  me,  I  will  make  a  short 
dcetch  of  it. 

In   this  patent  "  compound-tube  "  there  are  seven  tabes  of 
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I  inch  diameter,  connected  to  one  "  cup,"  or  "  header,"  of  wrought 
iron  or  steel,  and  only  one  connection  (by  a  coned  metallic  joint) 
of  the  neck  of  the  "cup"  to  the  steam  drum,  which  neck, 
projecting  through,  is  secured  steam-tight  by  a  metal  nut. 


Section. 


r  '  "'  Washes 
Metal  pacKin 


Metal  nut. 


Shell  of 
Steam  drum. 


Plan  op  Tube-Plate. 

The  "  cup,"  or  "  header,"  is  shrunk  on  to  the  tube  ends ;  the 
tubes  might  be  of  any  convenient  length,  with  a  cup  at  each  end,  and 
the  shrinking  on  of  the  **  cup  "  made  such  perfect  connection  that 
the  tubes  could  not  leak  or  be  drawn  out.  The  tubes  were  termed 
"compound  tubes,"  and  were  so  arranged  that  it  was  impossible  for 
any  incrustation  to  find  lodgment,  the  circulation  being  so  rapid 
none  could  adhere;  and  each  compound  tube  could  be  readily 
removed  and  cleaned  by  hammering  or  warming  over  a  fire.  The 
boiler,  it  was  maintained,  was  far  superior  in  efficiency  to  any 


1894.J  DISCUSSION.  511 

other  in  existence,  being  constructed  on  sound  mechanical  prin-  Mr. 
ciples.  Only  about  one-ninth  the  number  of  holes  now  required 
will  be  necessary  in  the  steam  drum,  in  comparison  with  other 
water-tube  boilers;  and  in  comparison  with  the  marine  return 
tubular  boilers  the  weight  under  steam  will  be  about  one-eighth, 
the  space  occupied  and  cost  of  construction  about  half. 

I  will  ask  you  not  to  be  too  incredulous  when  I  tell  you  that 
with  a  reliable  system  of  oil-fuel  firing  I  have  been  able  to  effect 
an  evaporation  of  over  three  tivfiea  that  which  has  been  obtained 
by  coal.  You  may  argue  that  this  is  more  than  is  known  (by 
the  laboratory  tests)  to  be  obtainable  from  the  calorific  value  of 
the  oil-fuel  ^per  se.  It  may  be  so;  but  then  you  have  to  remember 
that  when  you  use  superheated  steam  in  connection  with  it,  and 
with  a  proper  amount  of  air,  and  do  not  deluge  the  furnace  with 
an  excessive  amount  of  air,  you  will  get  far  greater  heat  than 
many  people  would  ever  imagine  it  would  give.  It  is  so  great 
that  you  can  without  difficulty  melt  fire-bricks  into  the  con- 
sistency of  honey. 

In  addition,  I  have  had  a  liancashire  boiler,  30  feet  long,  with 

two  furnaces,   fired   by  oil-fuel   only,  for  28   days   and   nights 

.continuously,  giving   perfect  satisfaction;  the  attendant  stating 

that  it  required  no  attention,  his  occupation  being  limited   to 

keeping  the  water  in  the  boiler  at  the  proper  level. 

My  steam  yacht  "Ruby"  was  continuously  day  and  night 
under  steam  for  oyer  fmvr  morithSf  worked  on  my  oil-fuel  system 
(to  the  complete  exclusion  of  coal).  It  was  approved  of  by  the 
committee  of  Lloyd's,  confirming  their  chief  engineer  surveyor's 
report ;  by  the  chief  engineer  surveyor  to  the  Board  of  Trade ;  and 
the  superintending  engineer  of  the  Great  Eastern  Railway  Com- 
pany, after  some  three  hours'  trial,  voluntarily  remarked  "Ae 
"  C(yuld  not  have  believed  it  to  be  so  perfect  if  he  had  not  seen  it.^ 

The  advantages  of  oil-fuel  are  so  numerous  that  I  am  afraid 
their  enumeration  would  occupy  too  much  space ;  but  it  will  be 
admitted  that  the  avoidance  of  smoke  alone  would  be  an  immense 
boon,  especially  in  large  cities ;  it  may,  therefore,  be  interesting 
to  inform  the  meeting  that  some  of  our  electric  lighting  com- 
panies are  about  to  test  this  system. 
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Finally,  there  is  no  danger  of  spontimeous  combustion ;  and 
the  fire  insurance  company  were  so  satisfied  on  the  subject  that 
there  has  been  no  increase  of  premium,  oil-fuel  being  perfectly 
safe  in  its  normal  condition,  and  as  stored  in  bulk  its  temperature 
could  not  be  raised  to  300®  Fah. 

Mr.  A,  H.  Dykes  :  The  figures  that  Mr.  Crompton  has  brought 
before  us  are  of  the  utmost  value  in  enabling  us  to  judge  the 
value  of  the  diflferent  systems  and  the  diflferent  pieces  of  appar- 
ratus.  It  is,  however,  important,  before  comparing  diflTerent 
systems  or  different  types  of  engines  and  boilers  on  the  basis 
of  these  figures,  to  understand  fully  any  special  conditions  that 
modify  the  general  result.  I  therefore  have  pleasure  in  reading 
a  letter  which  has  been  forwarded  to  me  by  Mr.  Tonge,  the 
engineer  of  the  Preston  Company,  in  which  he  gives  a  few  details 
concerning  that  station.  I  do  this  the  more  readily  because  in 
Mr.  Crompton's  paper  this  is  the  only  low-tension  station  men- 
tioned in  which  double-acting  engines  are  used,  and  it  might 
appear  at  first  sight  that  the  comparatively  low  efficiency  of  the 
station  might  be  due  to  the  particular  type  of  engine  in  use. 
Mr.  Tonge  writes :  "  Mr.  Crompton,  in  his  paper  on  the  *  Cost 
"  *  of  Electrical  Energy,'  has  discarded  the  data  as  to  the  works 
"  costs  of  the  Preston  station  on  the  ground  that  they  are 
"  abnormal.  As  this  statement  is  misleading,  and  apt  to  create 
"  an  impression  that  the  works  are  unable  to  generate  electrical 
"  energy  at  a  cost  which  will  compare  with  that  of  other  works  of 
"  similar  output,  I  take  this  opportunity  to  place  before  you 
**  some  figures  in  the  subjoined  table  showing  the  actual  cost  of 
"  generation  and  distribution  per  unit  delivered  to  the  customer 
"  for  three  periods — viz.,  January  to  June,  1893;  July  to  Decem- 
"  ber,  1893  ;  January  to  March,  1894 :— 
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Preston  Electric  Light  Station.  Mr  Dyke». 

Cost  of  Oeneration  and  DiatribtUion  per  Unit  delivered  to 

Customers. 

Jan.  to  Jane,         Jalj  to  Dec,    Jan.  to  March, 
1898.  1893.  1894. 

Coal,  &c 1-25  1-94  1-062 

Oil    waste,     water,     and 

petty  stores      0-51  0-28  0-181 

Wages  and  salaries — 
generation  and  distri- 
bution         1-35  1-30  0-060 

Repairs  and  Maintenance  of 

Plant  at  station     "i  ...  ...  0-178 

Mains,  services,  &  meters  J        0-31  0-30  0-116 

Motors,  arc  lamps ...  ...  0-300 

3-42  3-52  2-71 


"  It  will  be  seen  that,  with  the  exception  of  the  cost  of  coal, 
which  is  somewhat  erratic,  all  the  items  show  a  distinct  down- 
ward tendency ;  and  the  total  works  costs  for  January  to  March, 
1894,  are  very  satisfactory  when  the  output  is  taken  into  con- 
sideration. The  number  of  units  delivered  to  customers  in  1893 
was  149,636.  The  cost  of  coal  was  largely  aflfected  by  the  coal 
strike,  as  will  be  seen  by  comparing  the  figures  for  the  two 
halves  of  1893.  CJoal  is  now  costing  us  from  20  to  26  per  cent. 
more  per  ton  than  in  the  early  part  of  1893,  so  that  the  figure 
1-060  in  the  table  for  the  first  quarter  of  1894  is  really  a  con- 
siderable improvement  on  the  cost  for  the  corresponding  part  of 
1893.  I  also  think  that  Mr.  Crompton's  figure  for  the  heat  units 
per  watt-hour  at  our  works  should  be  altered.  Apparently  no 
allowance  has  been  made  for  the  extra  cost  due  to  the  coal 
strike,  and  therefore  too  high  a  value  has  been  put  on  the  coal 
used.  In  regard  to  the  eflSciency  of  distribution,  which  Mr. 
Crompton  puts  at  80  per  cent.,  I  am  altogether  at  a  loss  to 
understand  how  he  arrives  at  this  value.  In  his  letter  of  inquiry 
he  asked  me  for  the  e£Bciency  of  distribution,  taking  this  as 
beii^g  equal   to  units   supplied  to  customers  -f   units  used  by 
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company  -5-  units  generated.  The  figures  I  supplied  him  with 
showed  that  for  1893  this  works  out  at  93  per  cent.  Even  suj)- 
posing  the  efficiency  of  distribution  be  taken  as  equal  to  imits 
supplied  to  customers  -r-  units  generated,  the  result  works  out 
at  86  per  cent.  Both  of  the  figures  are  much  better  than  the 
80  per  cent,  which  Mr.  Crompton  gives.  In  conclusion,  I  would 
observe  that,  as  we  have  no  batteries,  our  engines,  &c.,  are  run 
under  conditions  more  nearly  resembling  those  in  an  alternate- 
current  works  than  in  a  low-tension  station  with  batteries." 

The  reason  why  the  station  costs  appear  high  is  that  the 
present  company  had  to  take  over  a  number  of  contracts,  with 
the  Corporation  and  others,  for  running  arc  lamps,  incandescent 
lamps,  and  motors,  which  are  owned  and  kept  in  repair  by  the 
company,  who  also  supply  carbons  and  brushes.  These  costs 
<lo  not  really  fall  under  the  heading  of  generating  and 
distributing  expenses,  and  they  have  therefore  been  kept 
separate  in  the  table.  It  will  also  be  evident,  on  inspecting  the 
figures,  that  the  cost  of  coal  was  very  largely  affected  indeed  by 
the  strike  of  last  year ;  and  it  is  peculiar  that  in  the  North, 
where  the  coal  is  very  cheap,  only  costing  before  the  strike 
6s.  3d,  or  6s.  6d.,  instead  of  20s.  or  so,  as  is  the  case  down  here, 
they  were  affected  by  the  strike  considerably  more  than  people  in 
the  South,  the  cost  of  coal  being  nearly  doubled. 

Mr.  Tonge  further  writes  that  the.  combined  efficiency  of  the 
engines  and  dynamos  amounts  to  82  or  83  per  cent. ;  and,  con- 
sidering the  sets  are  only  about  100  H.P.,  I  think  they  compare 
favourably  with  those  of  other  types.  The  actual  water  con- 
sumption has  been  found  in  practice  to  be  27  lbs.  per  electri- 
cal H.P.-hour,  non-condensing ;  and  the  coal  consumption  per 
unit  sold  29  lbs. — a  figure  which  may  be  of  importance  as  showing 
the  actual  result  obtained  with  small  slack  burnt  in  Lancashire 
boilers.  The  best  consumption  of  coal  for  a  period  extending 
over  three  weeks  in  the  wjnter  amounts  to  17]^  lbs.  per  imit  sold. 
Throughout  the  engines  have  given  the  greatest  satisfiEWJtion,  both 
as  regards  small  expense  of  upkeep  and  steady  running.  There 
can  be  no  doubt,  of  course,  that  these  figures  could  be  very 
largely  improved  by  the  use  of  a  moderate  amount  of  storage ; 
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and  it  shows  that  even  with  an  efficient  generating  plant,  running  Mr.  Dykes, 
day  and  night,  with  three  shifts,  on  a  comparatively  light  load, 
brings  up  the  station  costs  very  considerably  indeed.  It  is  only 
right,  I  think,  that  figures  which  greatly  modify  these  published 
results  should  be  brought  before  us,  so  that  we  can  see  exactly 
why  it  is  that  certain  stations  appear  high,  and  what  are  the 
conditions  which  cause  this  comparatively  high  consumption. 

Professor  W.  C.  Unwin  :  I  am  airaid  it  requires  some  apology  Prof«»or 
for  a  purely  mechanical  engineer  to  interpose  in  a  discussion  here, 
but  my  excuse  must  be  that  Mr.  Crompton's  paper  shows  how  very 
large  a  part  questions  of  mechanical  engineering  play  in  at  least 
the  finance  of  central  station  working.  Mr.  Crompton  will  not 
misunderstand  me  if,  in  the  few  minutes  during  which  I  shall 
occupy  your  time,  I  indulge  rather  in  criticism  than  in  acknow- 
ledgment of  the  great  value  of  his  paper. 

Mr.  Crompton  makes  some  statements  about  the  relative  value 
of  Welsh  coal  and  coal  of  any  other  description.  He  admits  that 
in  calorimeter  tests  the  North  country  coal  is  nearly  as  good  as 
Welsh  coal.  I  do  not  think  there  is  any  good  evidence  that  the 
heating  power  of  North  country  coal,  as  tested  in  a  calorimeter, 
is  at  all  lower  than  that  of  Welsh  coal.  But  then  it  is  urged  in 
the  paper  that  there  is  so  much  difficulty  in  burning  the  hydro- 
carbons of  Northern  coal  that  it  is  practically  very  inferior  to 
Welsh  coal.  There  were  a  very  long  series  of  tests  carried  [out 
between  1860  and  1870,  partly  for  the  Admiralty  and  partly  for 
other  people,  in  which  the  broad  general  result,  if  you  examined 
the  tests  carefully,  was  this — that  there  was  no  practical  difference 
between  the  evaporative  power  of  Northern  coal  and  Welsh  coal. 
It  is  the  smokelessness,  and  not  the  calorific  power,  which  gives  to 
Welsh  coal  its  great  market  value. 

One  other  fact  may  be  quoted.  Professor  Kennedy  carried 
out  a  series  of  tests  with  marine  engines  on  a  very  large  scale. 
In  the  whole  of  tliat  series  there  are.  three  tests  in  which  an 
evaporation  was  obtained  of  over  10  lbs.  of  water  per  lb.  of  coal. 
Those  three  were  the  only  trials  which  gave  a  high  evaporative 
efficiency.  Two  of  these  were  made  with  Northern  coal  and  one 
with  Welsh.  In  the  two  trials  in  which  the  highest  results  were 
VOL.  XXIII.  37 
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Profewor  obtained,  one  with  Welsh  and  one  with  Ncnthem  coal — the  "  lona  " 
with  Welsh  coal,  and  the  "Tartar"  with  Northern  coal — ^the 
evaporation  is  practically  identical. 

The  next  point  in  the  paper  is  this:  An  extremely  oa- 
favourable  view  is  put  forward  of  the  thermal  efficieaey  of 
Lancashire  boilers;  indeed,  it  is  stated  that  a  Lancashire 
boiler  is  only  half  a  boiler,  and  that  an  econimiiser  must  be 
added  to  it  before  it  makes  a  whole  boil^.  Of  course  there 
are  a  great  many  facts  which  one  oonld  quote  controverting 
that,  but  I  will  only  mention  one.  Some  two  or  three  years  ago 
I  had  to  carry  out  some  engine  trials  in  which  Comiah  boilers 
were  used.  Two  tests  were  made  at  a  London  pumping  station, 
at  an  interval  of  a  year,  with  Cornish  boilers,  which,  after  all»  are 
only  Lancashire  boilers  with  one  flue.  The  boilers  were  not  new 
ones,  but  were  taken  in  the  ordinary  course  of  their  daily  work, 
and  the  tests  were  24-hour  tests,  permitting  accurate  measure- 
ment. The  boilers  were  worked  to  their  full  ordinary  load,  or 
rather  beyond  it.  In  both  tests  with  these  boilers  an  evaporation 
from  and  at  212®  of  11'87  lbs.  of  water  per  lb.  of  coal  was 
obtained — an  extremely  high  result.  Those  boilers  were  only  half 
boilers,  as  reckoned  in  the  paper;  they  were  boilers  without 
economisers  or  feed  heaters.  In  passing,  I  should  like  to  say, 
with  regard  to  the  Babcock  boiler,  that  I  believe  it  to  be  a 
most  excellent  boiler,  and  I  have  not  one  word  to  say  against  it ; 
it  is  as  good  a  boiler  as  is  made,  though  its  evaporative  efficiency 
is  not  greater  than  that  of  the  Lancashire  boiler.  It  may  be  a 
better  boiler  for  central  electric  stations.  As  to  that  I  am  not 
giving  an  opinion,  but  only  objecting  to  the  statement  that  the 
Lancashire  boiler  has  a  low  evaporative  efficiency.  Mr.  Crompton 
states  that  the  Babcock  boiler  will  stand  forcing,  but  he  has  not 
given  us  a  single  fact  by  which  we  can  judge  whether  a  Babcock 
boiler  will  bear  forcing  or  not.  He  says  that  a  boiler  of  a  certain 
nominal  power  can  be  worked  at  50  per  cent,  above  its  nominal 
rate.  But  one  wants  to  knows  what  its  evaporation  was  per 
square  foot  of  its  heating  surface.  I  have  rather  a  suspicion  that 
the  evaporation  per  square  foot  of  heating  surface  was  probably 
moderate. 
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The  third  point  is  this :  There  is  a  comparison  drawn  between  ProteMor 

Unwln. 

the  short-stiroke  high-speed  engines  and  what  Mr.  Crompton  terms 
the  k>ng<^roke  low-speed  engines.  He  points  out  to  us  that 
Mr.  Willans  showed  how  very  great  the  importance  of  high  speed 
of  rotaticm  was  in  diminishing  cylinder  condensation.  Mr. 
Grompton  has  so  expressed  himself  in  his  paper  that  an  impression 
is  conveyed  that  high  speed  is  the  one  special  mode  of  controlling 
cylinder  condensation,  and  it  is  not  sufficiently  put  forward  that 
there  are  three  or  four  other  methods.  You  may  reduce  cylinder 
condensation  20  per  cent,  by  steam  jackets ;  you  may  reduce  it 
20  per  ctot.  by  superheating ;  you  may  reduce  it  20  per  cent,  by 
high  speed  of  rotation;  and  you  may  reduce  it  20  per  cent,  by 
expansion  by  stages  ;  but,  unfortunately,  you  cannot  get  80  per 
cent,  by  adopting  these  methods  together.  It  comes  to  be  a 
question  which  of  these  methods  is  best  in  any  particular  case. 
As  Mr.  Robinson  very  fairly  and  frankly  said  at  the  last  meeting, 
it  is  a  fact  that  it  is  the  long-stroke  slow-speed  engines  which 
have,  up  to  the  present,  given  us  the  highest  economy  of  steam. 

The  sum  of  the  whole  comes  to  this  :  I  think  Mr.  Crompton 
in  his  paper  has  given  us  something  like  a  formula  for  central 
station  design.  His  formula  is — ^Welsh  coal,  Babcock  boilers, 
Willans  engines,  direct  coupling.  That  is  an  excellent  formula, 
but  I  do  not  think  it  is  the  only  good  formula.  I  have  an 
impression  that  such  formulas  are,  on  the  whole,  extremely 
mischievous.  Every  case  of  a  central  station  design  has  to  be 
considered  according  to  the  circumstances  of  the  locality,  and 
various  other  things. 

There  is  one  other  matter  on  which  perhaps  I  can  give 
information  which  will  be  new  to  some.  Mr.  Crompton 
has  very  rightly  looked  to  superheating  as  a  method  which 
will  in  future  have  to  be  adopted  in  securing  further  economy 
in  the  working  of  steam  engines.  I  object  a  little  to  the 
statement  that  it  is  to  be  a  remedy  for  steam  pipe  con- 
densation. I  think  that  must  be  combated  in  other  ways, 
because  superheating  has  a  far  more  important  function.  The 
true  function  of  superheating  is  to  control  cylinder  condensation, 
and  not  steam  pipe  condensation.     It  is  stated  in  the  paper  that 
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P^^esior  in  the  days  of  low  pressure  steam  superheating  was  an  easy 
matter,  but  it  is  now  widely  different.  Any  superheating  in  these 
days  is  "  very  much  in  the  nature  of  passing  steam  through  pipes 
*^  at  a  temperature  which  amounts  to  nearly  red  heat,  so  that  it  is 
'^  little  wonder  that  not  many  engineers  have  cared  about  tackling 
"  such  a  difficult  and  risky  problem."  I  think  that  statement  is 
an  exaggerated  one. 

There  has  been  for  40  years  in  Alsace  one  of  the  best  schools 
of  steam  engineering  in  the  world.  Superheating  was  first  used 
in  Alsace  40  years  ago.  Two  years  ago  I  had  the  opportunity  of 
testing  some  engines  in  Alsace  working  with  superheated  steam. 
I  suppose  I  am  not  exaggerating  when  I  say  that  there  are  now 
in  Alsace  many  hundred  engines  working  at  pressures  up  to  100 
or  120  lbs.  per  square  inch,  and  which  are  using  superheated 
steam.  The  engine  which  I  tested  was  a  large  compound  engine 
giving  500  I.H.P.  It  was  a  modem  engine,  constructed  six 
years  ago,  with  a  kind  of  Corliss  gear,  and  separate  admission  and 
exhaust  valves,  and  steam  jackets — as  good  a  compound  engine  as, 
I  suppose,  could  be  easily  found.  The  engine  was  run  for  three 
days — two  days  with  superheating,  and  one  day  without — and  there 
was  an  economy  of  20  per  cent,  of  coal  and  20  per  cent,  of  steam 
when  the  superheated  steam  was  used.  The  steam  left  the  super- 
heaters at  570°  Fah.,  and  entered  the  steam  chest  of  the  engine 
at  a  temperature  of  520°.  The  engine  had  been  working 
with  that  superheated  steam  for  two  years  without  the  cylinder 
covers  having  been  taken  off.  The  fact  is,  there  are  difficulties 
about  using  superheated  steam  in  modem  days.  But  some  of  the 
difficulties  which  are  put  forward  are  not  difficulties  at  all,  and 
some  of  the  difficulties  which  really  exist  are  not  sufficiently 
appreciated.  The  one  difficulty  which  is  always  put  forward  is 
that  with  steam  of  this  high  temperature  you  will  destroy  your 
cylinders.  Now  I  believe  that  is  an  absolute  bugbear.  In  this 
engine,  with  the  steam  entering  the  steam  chest  at  520°  Fah., 
there  was  no  superheating  inside  the  cylinder ;  the  whole  of  the 
Ruperhoat  was  expended  in  diminishing  the  initial  condensation. 
The  dryness  fraction  of  the  steam  at  cut-off  in  that  engine  was 
about  0'65  when  working  without  superheated  steam,  and  about 
0-85  when  working  with  superheated  steam. 
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I  admit  that  in  Alsace  the  circumstances  are  rather  favourable  Profeeaor 

Unwin. 

for  using  superheaters.  They  use  very  largely  elephant  boilers. 
They  simply  dig  a  pit  underneath  the  boiler,  and,  without  other- 
wise disturbing  it,  put  the  superheater  down  below  the  boiler. 
Apparently,  with  the  conditions  under  which  they  work,  they  - 
have  exceedingly  little  difficulty,  and  I  went  through  a  great 
many  mills  where  superheated  steam  was  used.  The  stokers  paid 
absolutely  no  attention  at  all  to  the  superheaters ;  they  do  not 
know  whether  they  are  on  or  off.  In  the  old  days,  when  super- 
heating was  introduced,  and  when  it  always  gave  a  considerable 
increase  of  efficiency,  I  think  they  made  two  very  serious 
mistakes.  First,  they  invariably  pkiced  the  superheater  in  the 
coldest  part  of  the  boiler  flues :  they  put  it  in  the  up-take  or  in 
some  part  where  the  gases  had  left  the  boiler.  Second,  as  a 
consequence,  they  made  the  superheater  large,  cumbrous,  and 
unsafe.  If  you  have  steam  at  a  high  temperature,  and  are  then 
going  to  superheat  it,  it  is  no  use  putting  your  superheater  in 
the  coldest  part  of  your  flues :  you  have  not  temperature  enough 
there  to  do  the  work.  If  you  are  going  to  use  the  superheater 
eflfectively,  you  must  put  it  in  some  part  of  the  boiler  where  the 
gases  have  a  high  temperature.  In  Alsace  they  put  the  super- 
heater immediately  behind  the  bridge.  If  you  put  the  super- 
heater in  the  cold  part  of  the  flues  you  must  have  an  enormously 
large,  and  therefore  dangerous,  one ;  if  you  put  it  immediately 
behind  the  bridge  you  may  have  a  small  and  safe  superheater. 
Then  a  superheater  must  be  so  made  that  it  will  stand  all  the 
chances  of  daily  work.  If  it  is  to  stand  all  the  chances  of  daily 
work,  it  must  sometimes,  no  doubt,  approach  a  temperature  of  red 
heat.  I  am  not  sure,  but  I  almost  think  that  that  excludes  from 
use  a  thin,  ductile  material  like  mild  steel.  At  any  rate,  a  super- 
heater must  be  so  constructed  that  it  is  practically  a  solid  piece 
of  metal  without  joints.  Unless  you  can  get  that,  I  do  not  think 
a  superheater  will  remain  tight  or  permanently  safe.  The 
problem  for  our  boilers  and  for  our  conditions  has  still  to  be 
worked  out.  It  may  be  necessary,  to  meet  our  conditions, 
to  adopt  a  detached  superheater  with  a  separate  furnace. 
It  is  very  encouraging  to  think  that    the  superheater  is   so 
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UnwSr^'  largely  used.  Wherever  it  has  been  used  in  Alsace,  ifc  has 
given  economies  ranging  firom  10  to  20  per  cent.,  and  that  not  in 
bad  engines,  but  in  new  compound,  jacketed,  and  well-«nanged 
engines.    I  think  the  £ekct  that  that  is  so  is  encouraging. 

sir.  Pe«5he.  ]yjj.^  j^  q^  Peache:  Among  the  boilers  mentioned  is  tha 
^^  Fxx)nomic  "  boiler — a  type  of  boiler  which  Mr.  Pazman  has  been 
making  for  rather  over  30  years.  Mr.  Crompton  has  mentioned 
a  great  many  of  the  good  points  of  this  boiler ;  but  there  is  <Hie 
recent  improvement  that  Mr.  Paxman  has  made  which  I  should 
like  to  point  out.  The  diagrams  on  the  screen  represent  four 
views  of  the  ^^ Economic"  boiler.  The  lower  diagram  on  the 
right-hand  comer  of  the  screen  shows  a  section  in  plan.  From 
that  it  will  be  seen  that  the  tubes  are  divided  into  two  gioups. 
These  two  groups  are  close  together  at  the  back  end  of  the  bmler, 
and  are  separated  at  the  front  end  of  the  boiler ;  there  being 
sufficient  BpSLoe  to  enable  a  man  to  get  in  between  them  at  the 
front  end,  and  between  the  tubes  and  shell  of  the  boiler  at  the 
back  end.  This  arrangement  leaves  the  boiler  entirely  open  to 
internal  examination — an  advantage  which  is  not  shared  by  the 
locomotive,  marine,  or  ordinary  semi-marine  types  of  boiler* 
One  other  feature  which  is  of  great  importance  in  the 
**  Economic  "  boiler  is  the  combustion  chamber.  The  fire-bricks 
with  which  this  chamber  is  lined  are  brought  to  a  high  tern* 
lierature,  and  form  a  very  efficient  mecms  of  consuming  the 
otherwise  unconsumed  products  of  the  furnace,  and  also  of 
enabl.ij^^  bituminous  coal  to  be  used  without  trouble  frooi  smoke. 
Table  No.  III.  of  Mr.  Crompton's  paper  gives  a  list  of  boiler 
performances.  This  table,  I  think,  the  author  intends  chiefly  aa 
a  basis  of  comparison  for  the  use  of  engineers  in  charge  of 
central  stations^— that  is,  for  them  to  compare  the  results  shown 
in  that  table  with  the  results  they  have  been  able  to  obtain 
with  their  own  boilers — and  for  that  purpose  of  course  it  is  a 
very  valuable  table ;  but  for  the  comparison  of  different  types  of 
boilers  it  is  of  less  value,  because,  besides  the  efficiency  of  the 
boiler,  the  efficiency  of  the  stoker  and  the  conditions  under  which 
the  particular  station  is  working  also  largely  affect  the  results.' 
Therefore  this  table  must  hardly  be  taken  as  a  comparison 
between  the  efficiencies  of  the  boilers  referred  to. 
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Table  No.  IV.  gives  what  is  called  the  maximum  efficiency  Mr.  Pe^be. 
of  sundry  types  of  boilers  at  test  trials.  The  last  item  but  one, 
named  as  semi-marine  type,  and  in  which  the  evaporation  from 
and  at  212®  is  given  as  12*2  lbs.,  refers  to  a  trial  of  a 
Paxman  "  Economic  "  boiler,  and  is  a  fair  average  example  of 
the  efficiency  of  that  boiler. 

In  the  triab  recorded  in  Tables  III.  and  IV.  no  determination 
of  the  quantity  of  water  carried  over  as  water  with  the  st^m  has 
been  made ;  and  therefore  to  a  certain  extent  the  figures  given 
for  evaporation  must  be  open  to  question. 

In  the  selection  of  a  boiler  one  very  important  point  is  the 
cost  of  maintenance  and  repairs.  There  is  only  one  instance 
given  in  the  paper — that  of  the  Kensington  and  Knightsbridge 
station -^in  the  last  four  years'  working  of  which  that  item  is 
stated  to  have  amounted  to  5^  per  cent,  per  annum  on  the  first 
cost  of  the  boilers.  That  seems,  on  the  face  of  it,  rather  a 
high  figure  for  cost  of  maintenance  and  repairs.  I  am  sorry  I 
have  not  been  able  to  get  any  figures  from  stations  where  the 
** Economic"  boiler  has  been  employed,  so  as  to  compare  them. 
The  figures  have  not  been  kept  separate,  and  I  cannot  give  them. 
I  can  only  say,  therefore,  that  Mr.  Paxman's  experience  with  the 
"  Economic  "  boiler  has  proved  to  him  that  the  cost  for  main- 
tenance and  repairs  of  this  boiler,  working  under  similar  circtun- 
stances  to  those  at  Kensington  and  Knightsbridge,  is  very  much 
less  than  5^  per  cent,  per  annum  on  their  first  cost. 

Professor  A.  B.  W.  Kennedy:  In  view  of  the  exigencies  ofprofewor 

Kennedy 

time,  I  will  at  once  proceed  to  make  such  addition  as  I  can  to 
the  most  interesting  mass  of  information  which  Mr.  Crompton 
has  given  us,  and  will  omit  the  compliments  I  should  otherwise 
have  paid  him.  I  will  take  the  matter  of  coal  first.  In  refer- 
ence to  Mr.  de  Segundo's  remarks,  I  am  pleased  to  say  that  my 
friend  Mr.  Grimshaw,  at  Eccleston  Place  station,  has  already 
got  down  to  4^  lbs.  per  unit  generated  as  the  average  for  three 
months  this  year.  I  am  sure,  therefore,  that  this  is  very  hx 
from  being  an  ideal  result ;  we  must  all  go  much  lower.  I  think, 
however,  that  Mr.  Crompton  has  perhaps  put  the  ideal  a  little 
too  £Eir  down  the  scale.    To  get  a  somewhat  more  possible  ideal,- 
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we  may  take  it  that  in  the  actual  working  time  we  can  eTaporate 
10^  lbs.  of  water,  under  standard  conditions,  per  lb.  of  coal, 
or,  say,  10  lbs.  of  water  actually  turned  into  steam.  If  we  take 
our  stand-by  coal  at  8  per  cent,  (which  is  probable),  and  want, 
I  regret  to  say,  something  like  3  per  cent,  for  our  pumps,  and 
5  per  cent,  for  the  steam  pipe  condensation,  &c.  (which  in  a  big 
station  we  must  have),  we  get  down  to  8|  lbs.  of  steam  actually 
reaching  the  engines  per  lb.  of  coal  burnt.  Working  that  out 
on  the  basis  (which,  of  course,  is  a  very  good  one  indeed)  of  16  lbs. 
of  water  per  I.H.P.,  and  for  a  77  per  cent,  efficiency  between  the 
dynamo  and  the  engine  at  three-quarter  load  (which  also  is  a 
very  high  figure),  and  taking  90  per  cent,  of  the  units  generated 
as  being  actually  sold  (which,  again,  is  an  exceptionally  high 
percentage),  we  get  down  to  3*64  lbs,  of  coal  per  unit  sold,  or 
about  S^  lbs.  per  unit  generated,  as  a  really  more  or  less  attain- 
able ideal  in  a  condensing  station.  I  hope  the  next  time  Mr. 
Crompton  gives  us  a  paper  he  may  be  able  to  tell  us  that  he  can 
give  two  or  three  examples  in  which  this  has  been  already 
obtained,  and  that  therefore  he  was  quite  right,  in  1894,  in 
taking  the  possible  standard  as  being-  considerably  lower ! 

Professor  Unwin  has  already  dealt  with  the  question  of  the 
value  of  North  country  coal.  I  so  far  disagree  with  him  as  to 
believe  that  it  is  more  difficult  to  get  the  value  out  of  North 
country  than  out  of  Welsh  coal ;  although  certainly,  with  proper 
care,  the  real  proportionate  value  can  be  obtained. 

As  to  boilers  of  the  marine  and  semi-marine  type,  it  may 
interest  the  members,  perhaps,  if  I  mention  that  in  Glasgow, 
where  nothing  whatever  but  the  marine  type  of  boiler  pure  and 
simple  is  believed  in,  I  have  used  that  type  on  a  large  scale. 
One  was  naturally  anxious  to  work  with  the  cheapest  fuel  that 
could  be  obtained,  and  we  have  from  the  first  used  nothing  but  a 
kind  of  very  inferior  gaswork  coke,  known  as  "char,"  costing 
4s»  6d.  a  ton,  and  certainly  not  worth  more.  It  has  been  found, 
however,  that  this  can  be  worked  perfectly  well  in  marine  boilers 
if  thick  fires  are  used,  and  if  the  fires  are  not  stirred  up  too  much, 
without  any  adventitious  aids  in  the  shape  of  steam  jets  or 
mechanical  stokers.     The  result  is  very  favourable  in  cost.     I 
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ought  to  say  that  the  calorific  value  of  the  Glasgow  coke  which  ProCeMor 
Mr.  Crompton  has  given  should  be  marked  as  approximate  only, 
because,  although  I  gave  it  to  him  as  representing  an  analysis  of 
the  Glasgow  coke,  it  was  not  an  analysis  taken  at  the  particular 
time  of  my  experiments. 

I  will  not  add  more  than  a  word  to  what  Professor  Unwin  has 
said  about  Lancashire  boilers.  I  have  not  myself  obtained  any 
such  conclusive  results  as  those  which  he  has  brought  before  us. 
I  had,  however,  one  particular  trial — lasting,  I  think,  10  hours- 
made  on  a  plant  of  Messrs.  Easton  &  Anderson  at  Addington 
Waterworks,  and  published  in  1890.  We  did  actually  obtain,  at 
a  particularly  careful  trial,  an  evaporation  of  11 -7  lbs.  of  water 
per  lb.  of  carbon-value  without  economisers,  and  12*4  lbs.  with 
economisers.  It  should  be  noted,  however,  that,  although  the 
result  was  during  actual  working  in  ordinary  fashion,  the  rate  of 
combustion  was  very  slow,  being  only  about  6  lbs.  of  coal  per  square 
foot  of  grate  per  hour.  I  believe  that  such  boilers  can  be  made 
as  economical  as  any  other  type  if  they  receive  the  treatment 
which  they  ought  to  receive,  which,  of  course,  is  not  the  kind  of 
treatment  which  would  be  given  to  boilers  of  other  types. 

Mr.  Crompton  has  stated  in  one  part  of  his  paper  that  certain 
figures  are  "unknown  to  the  works  engineers  themselves."  I 
hope  I  may  be  excused  for  once  more  laying  stress  on  this  matter. 
I  seriously  believe  that  the  economy  of  a  station  depends  very 
largely  upon  how  far  the  engineers  really  measure  what  is  going 
on  in  it.  I  wish  this  point  could  be  taken  to  heart  by  the  many 
men  who  are  careless  in  these  matters ;  I  am  sure  they  would  find 
it  would  pay  them,  not  to  put  it  upon  any  higher  ground,  to 
set  to  work  at  once  and  measure  everything  they  are  doing,  which 
can  be  now  done  with  quite  reasonable  accuracy,  no  matter  what 
the  system  of  distribution  may  be. 

The  question  of  rope  driving  is  one  which  comes  next. 
I  think  it  may  perhaps  interest  the  members  to  know  that 
there  are  being  conducted  just  now  in  Belgium,  under  the 
auspices  of  a  large  committee  of  Belgian  engineers,  a  series 
of  what  I  hope  will  be  exhaustive  and  complete  trials  on  this 
particular  matter.      Plant   has  been   set   up  for  the  particular 
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purpose  of  measuring  the  amount  of  power  taken  up  by  bdtff- 
and  by  ropes  i^>art  from  the  power  actually  tidcen  to  drive  jui 
engine  and  do,  its  work.  At  present  I  bdieve  no  figures  «&: 
these  questions  are  accessible  to  most  of  us;  at  nnj  rate,  I 
have  found  the  greatest  difficulty  in  getting  any  such  figures 
wbich  ooald  be  trusted.  Of  course,  it  is  impossible  to  compare 
the  efficiency  of  one  dynamo  driven  by  a  rope  and  a&other 
dynamo  driven  direct,  because  there  are  so  many  other  questions 
coming  in  besides  the  method  of  driving  that  the  two  cannot'  be 
compared.  I  hope  when  these  results  are  published,  as  they  .are 
going  to  be,  that  we  shall  all  of  us  be  a  great  deal  wiser  for.them« 

Mr.  Crompton  has  referred  to  a  method  for  getting  an  aoouraie: 
determination  of  the  engine  load-factor  of  each  day.  I  think  this 
is  in  the  power  of  all  of  us  with  extremely  little  measuremesit;  If 
the  output  of  each  engine  is  metered,  and  if  the  number  of  hours 
which  that  engine  is  run  is  also  noted,  you  have  really,  with 
sufficient  accuracy  for  all  practical  purposes  the  load^&otor  of  th» 
engine  per  day.  In  my  own  practice  I  have  these  matters^ 
regularly  logged,  week  in  and  week  out,  so  that  we  always  know 
the  actual  working  load-factor,  using  this  expression  in  what  I 
believe  to  be  its  most  important  signification. 

Then  there  are  the  "  obscure  losses  "  with  which,  I  am  sorry 
to  say,  my  own  name  has  been  connected.  I  am  glad  to  be  able 
to  give  you  some  measurements  connected  with  them  which  my 
friend  Mr.  Newington,  at  Millbank  Street  station,  has  made  for  me. 
All  the  condensed  water  out  of  the  steam  pipes,  engine  separators, 
and  every  other  possible  source  of  drainage  waste,  was  run  into  a 
sump  and  pumped  out  into  a  weighed  tank*  It  was  found  on 
several  days  to  amount  to  from  8  to  9  i)er  cent,  of  the  whole 
weight  of  the  feed  water.  In  another  station  I  have  found  it  to 
be  firom  5  to  a  little  over  6  per  cent.  Of  coui^e  it  would  not  be 
such  a  high  proportion  in  winter  when  the  load  was  higher ;  but  it 
may  be  a  very  serious  matter  indeed,  and  this  will  be  found  by 
anybody  who  takes  the  trouble  to  measure  it. 

The  question  of  condensation  arises  in  the  papers  I  hope 
that  I  do  not  understand  Mr.  Crompton  to  mean  that  he  really 
doubts  whether  there  is  any  economy  due  to  condensation.  One 
paragraph  in  his  paper  almost  reads  as  if  he  did. 
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I  now  c6me  to  the  last  point  of  all — the  matter  of  wages  and  ?^'«JJ^ 
superintendence  in  works.  With  regard  to  that,  I  should  like 
to  say  that  I  think  there  is  a  little  misunderstanding  sometimes 
as  to  the  effect  of  the  size  of  the  works  on  the  cost  of  energy. 
The  actual  outlay  in  coal,  stores^  water,  and  repairs  depends,  not 
on  the  size  of  the  station  at  all,  but  on  the  relation  between  its 
output,  shape  of  load  diagram,  and  size  of  units.  The  wages  and 
salaries,  on  the  other  hand,  taken  per  unit,  are  more  or  less 
dependent  on  the  size  of  the  station,  and  decrease  as  the  station 
grows  larger.  In  the  first-mentioned  section  of  expenses  there 
are  very  often  indeed  cases  in  which  a  small  station  has  a  great 
advantage  over  a  large  one.  Even  in  superintendence  it  often 
has  advantages.  Taking  both  sections  of  cost  together,  although 
it  cannot  be  said  that  the  cost  in  a  station  producing  500,000 
units  per  annum  must  necessarily  be  less  than  in  one  producing 
250,000  units  (in  my  own  experience  I  could  easily  give  examples 
to  the  contrary),  yet  it  may  be  said  that  at  one  and  the  same 
station  the  cost  per  unit  will  be  greatly  diminished  if  the  output 
is  increased  from  250,000  to  500,000  units  per  annum.  It  is  a 
matter  of  great  interest  to  know  at  what  absolute  size  of  station 
the  cost  per  unit  would  not  be  diminished  sensibly  by  increased 
output.  I  think  that  when  we  come  up  to  about  3,000  H.P.,  or 
possibly  4,000  H.P.,  at  one  station,  we  have  probably  reached  a 
point  beyond  which  practically  no  further  economy  in  cost  per 
unit  will  be  obtained  by  mere  increase  of  output.  I  said  this, 
I  remember,  in  a  recent  discussion  on  Mr.  Ellington's  paper  at 
the  Institution  of  Civil  Engineers.  He  put  the  figures  at  a 
somewhat  lower  figure — I  think  about  2,000  H.P. — ^in  connection 
with  hydraulic  power.  Above  3,000  or  4,000  H.P.  I  believe  that 
it  will  be  found  that  the  actual  cost  will  be  very  much  the  same, 
whether  the  power  be  put  into  one  or  two  stations.  Whether 
one  or  two  are  used  will  then  depend  upon  other  considerations  ; 
it  may,  of  course,  be  much  more  convenient  to  have  one,  but  it 
will  not,  per  se,  make  any  great  reduction,  I  think,  in  the  cost 
per  unit. 

I  am  very  glad  to  read  the  last  sentence  of  Mr.  Crompton*s 
paper.     He  is  one  of  those  men  who  do  an  enormous  amount  of 
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Frofeesor  work,  both  personally  and  through  assistants;  and  ©f  all  men 
in  our  profession  he  is  one  of  those  who  is  always  most  ready  to 
give  his  assistants  all  the  credit  they  deserve  in  the  most  cordial 
manner. 

Mr.  E.  C.  DE  Segundo:  May  I  explain,  in  connection  with 
Professor  Kennedy's  opening  remarks,  that  my  estimate  of  4  lbs. 
to  4^  lbs,  of  coal  was  per  Board  of  Trade  unit  paid  for  by  the 
consumers  through  their  meters  ?  The  corresponding  figure  per 
unit  generated  would  be  about  3*7  lbs. 

Mr.  Hftipin.  Mr.  Druitt  Halpin  :  The  first  point  I  would  wish  to  remark 
on  is  one  made  by  Mr.  Crompton  in  his  paper,  where  he  says  he 
considers  that  small  dust  fuel  is  only  less  valuable  because  it  is 
liable  to  fall  through  the  bars.  We  are  all  aware  of  the  mechanical 
disadvantage  of  using  fuel  under  those  conditions ;  but  I  think 
one  very  great  source  of  loss  in  the  fuel  in  this  condition  is  often 
overlooked,  and  it  appeals  very  strongly  to  those  who  have 
had  to  do  with  fuel  stored  in  the  tropics.  When  fuel  gets 
disintegrated,  it  gets  oxidised,  and  very  much  less  valuable.  I 
think  it  is  on  record  that  disintegration  alone  cannot  so  completely 
reduce  its  value.  Amongst  the  highest  thermo-dynamic  effects 
ever  attained  were  those  produced  by  the  late  Mr.  Crampton, 
where  the  fuel  was  perfectly  pulverised.  That  fuel  was  used 
immediately  after  it  was  powdered,  and  no  time  had  elapsed  to 
allow  oxidisation  to  takie  place.  Mr.  Crompton  says  that  the 
locomotive  boiler  is  not  eflScient  on  account  of  the  level  of  the 
fire-bars.  It  is  very  evident  that  it  cannot  be  efficient;  but 
engineers  using  the  locomotive  boiler  for  stationary  purposes 
have,  unfortunately,  taken  it,  **  lock,  stock,  and  barrel,"  and 
adopted  it  exactly  as  used  on  locomotives.  As  a  locomotive  boiler 
is  used  on  a  locomotive  engine  there  is  no  more  efficient  machine 
in  existence.  The  man  stands  on  the  level  of  the  door,  shoots 
the  coal  down,  gets  all  the  corners  properly  covered,  and  the 
grate  properly  filled.  I  saw  a  couple  of  locomotive  boilers  the 
other  day.  The  man  was  about  my  own  size ;  he  lifted  the  shovel 
like  a  rifle  up  to  his  shoulder,  and  shot  its  contents  into  the  fire- 
box, and  then  looked  into  the  fire-box  to  see  what  had  happened. 
This  defective  arrangement  is  very  easily  got  over.     There  are 
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the  beautiful  results  obtained  in  1872  at  the  Soyal  Agricultural  Mr.Haipin. 
Society's  trials,  which  were  hardly  ever  equalled  before  or  since, 
that  were  got  by  Messrs.  Clayton  &  Shuttleworth  at  Cardiff. 
What  they  did  was  to  carry  the  front  of  the  foundation  ring  along 
part  of  each  side  of  the  front  of  the  fire-box ;  they  then  brought 
it  up  in  a  horse-shoe  form  in  the  centre,  and  got  the  fire-bars 
slightly  below  the  furnace  door ;  the  part  underneath  the  door 
they  filled  up  with  fire-tile,  and  they  got  a  reasonable  depth  of 
6  or  8  inches  above  the  fire-bars,  thus  enabling  the  firing  to  be 
done  with  the  greatest  possible  efficiency.  I  think  if  all  loco- 
motive boilers  that  were  working  stationary  plant  were  treated 
in  the  same  way,  so  that  the  man  could  easily  see  what  he  was 
doing  when  firing,  very  much  more  efficient  results  would  be 
produced. 

With  regard  to  the  question  of  the  Babcock  boiler,  the 
details  given  us  are  perfectly  reliable.  Mr.  Rosenthal  was 
good  enough  to  give  me  a  book  of  their  boilers,  and  there  is 
a  curve  in  the  book  giving  the  results  of  the  tests  made  in 
the  .Exhibition  of  1876  at  Philadelphia  which  I  have  put  out 
here.  The  upper  curve  gives  the  lbs.  of  water  evaporated  per  lb. 
of  fuel  from  and  at  212°  Fah. ;  the  middle  curve  shows  the  lbs.  of 
water  evaporated  per  hour  per  square  foot  of  heating  surface. 
This  lower  curve  which  they  also  give  is  a  very  valuable  one, 
as  it  shows  the  rate  at  which  the  boiler  is  working.  It  is  perfectly 
useless  to  tell  me  a  man  is  earning  a  hundred  or  a  thousand 
pounds — I  am  as  wise  as  ever,  unless  they  give  me  the  unit  of 
time  in  which  he  is  doing  it ;  and  this  corresponds  to  the  actual 
rate  at  which  these  boilers  are  working.  If  we  know  a  man  is 
earning  £100  in  a  certain  limit  of  time,  we  know  everything. 
And  in  the  same  way  we  can  treat  a  boiler.  If  we  find  a  boiler  is 
evaporating  3  lbs.  per  hour  per  square  foot  and  is  doing  evapora- 
tion at  10  or  11^,  or  anything  you  like,  if  we  multiply  these 
figures  together  we  get  a  new  curve,  which  gives  us  the  rapidity 
of  evaporation  multiplied  by  the  economy  of  evaporation.  The 
upper  curve  shows  that  the  Babcock  was  at  the  head  of  all  its 
competitors  as  regards  economy,  but  it  takes  a  totally  different 
place  if  we  look  at  the  total  result  shown  by  the  lower  curve. 
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Taking  the  final  results  produceil  by  the  Rurce  bailer  as  unity —  Mr  Hajpim^ 
that  is  to  say,  taking  the  quantity  of  water  evaporated  into  the 
economy  with  which  he  did  it— he  produced  a  result  which  here 
becomes  unity,  and  all  the  others  are  represented  proportionately 
by  this  curve ;  so  that  we  have  not  alone  to  look  at  the  economy 
of  evaporation,  but  also  at  rapidity. 

You  may  pay  far  too  much  for  a  sovereign,  and,  as  Professor 
Kennedy  said,  they  got  an  economy  of  11^  lbs.  in  a  trial  he  made ; 
but  he  told  us  the  whole  truth,  for  this  result  was  attained  at  a 
rate  of  combustion  of  6  lbs.  per  square  foot  per  hour  of  fire  grate. 
They  were  simply  doing  nothing  in  this  case.  Mr.  Crompton 
also  told  us  that  one  of  these  boilers  was  doing  50  per  cent,  more 
than  its  normal  work  without  giving  any  trouble.  All  I  say  is, 
Thank  you  for  nothing.  This  particular  boiler  was  doing  under 
8  lbs.,  and  then  it  does  50  per  cent,  more,  which  brings  it  almost 
to  4J  lbs.  The  author  has  referred  to  the  I^ncashire  boiler. 
I  will  give  you  one  or  two  figures  in  connection  with  that  boiler. 
Some  trials  were  made  by  the  South  I^ncashire  Coalowners' 
Association,  presided  over  by  Mr.  Fletcher,  some  25  years  ago. 
They  were  accurately  made  with  boilers  7  x  30,  and  ordinary 
North  country  coal.  These  are  the  results  of  the  average  of 
60  trials :  The  boilers  evaporated  7*1  lbs.  per  hour  per 
square  foot  of  heating  surface.  They  were  using  coal  with 
11,670  units,  and  they  were  doing  at  that  rate  a  thermal 
efficiency  of  0*827,  which  is  a  very  big  figure.  As  a 
result  of  that  we  have  7*1  x  0*825.  That  gives  us  a 
figure  of  merit  so  far  to  remember  of  5*871.  Comparing 
that  with  the  Babcock  boiler,  that  boiler,  at  the  trial  referred 
to  by  the  author,  was  evaporating  2*893  lbs.  per  square 
foot  per  hour.  The  efficiency  of  the  evaporation,  as  given  by 
Mr.  Crompton,  is  0*760.  Multipljring  those  together,  we  get 
2*245 ;  that  is  to  say,  we  get  58  as  the  figure  of  merit  for  one 
boiler,  and  22  for  the  other.  I  must  go  one  step  further.  Mr. 
Bosenthal  was  good  enough  to  give  me  the  prices  of  three  of 
those  boilers,  and  I  find  the  Babcock  boiler  has  a  great  advantage 
in  the  way  of  cost  per  square  foot  of  heating  surface  over  the 
Lancashire  boiler.     The  average   cost  for  three  of  their  boilers 
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Mr.  Hftipin.  was  6*21  shillings  per  square  foot  of  heating  sur&ce.  Messrs. 
Yates  &  Thorn,  of  Blackburn,  also  kindly  gave  me  the  prices  for 
five  of  their  standard  Lancashire  boilers  working  to  1 50  lbs., 
which  is  the  same  pressure  as  for  the  tubular  boilers.  Their 
price  is  very  much  higher — 8*74  shillings  per  square  foot  of 
heating  sur&ce.  So  that,  if  we  dixide  the  results  of  the  efficiency 
we  have  obtained  by  the  capital  cost  at  which  these  figures  were 
obtained,  we  get  something  like  a  final  figure  of  efficiency  for 
boilers.  If  we  divide  this  unit  of  58  by  8*74,  we  get  a  figure  of 
merit  of  6'7.  If,  on  the  other  hand,  we  divide  the  results  given 
by  the  Babcock  boiler — tha  efficiency  of  2-245  by  6*21 — ^we  get 
an  efficiency  of  3'6.  So  that  the  boilers  stand,  with  regard  to 
rapidity  of  work,  or  the  quantity  of  work  they  turn  out,  the 
economy  with  which  they  will  turn  out  that  work,  and  the  capital 
cost  necessary  to  produce  these  results,  very  nearly  in  the  ratio  of 
2  to  1.  That  is  quite  apart  firom  all  questions  of  Lancashire 
boilers  being  able  to  use  dirty  water  and  bum  smoky  coal, 
which  possibly  the  tubular  boiler  people  would  hardly  claim  their 
boiler  to  be  capable  of  doing.  It  must  be  borne  in  mind  that  the 
above  results  with  the  Lancashire  boiler  were  obtained  with  what 
the  author  would  probably  call  half  a  boiler — that  is  to  say,  a 
Lancashire  boiler  working  without  an  economiser,  and  using  a 
very  ordinary  quality  of  North  country  coal. 

Mr.  Longridge,  the  chief  engineer  of  the  Engine  and  Boiler 
Insurance  Company  of  Manchester,  made  some  tests  of  a  Babcock 
boiler  in  1890,  using  ordinary  North  country  coal,  containing 
13,769  B.T.U.  As  the  first  tests  were  not  considered  satisfactory, 
the  furnace  was  altered,  and  further  tests  undertaken,  which  gave 
an  evaporation  of  2*657  lbs.  of  water  per  hour  per  square  foot  of 
heating  surface,  with  an  evaporation  of  8-09  lbs.  of  water  from 
and  at  212°  Fah.  per  lb.  of  fuel,  or  a  thermal  efficiency  of  59 ;  and 
59  X  2-657  =  1,560,  against  the  2,245  obtained  at  St.  Pancras 
when  these  boilers  were  using  best  Welsh  fuel.  If  the  price  of 
this  boiler  was  the  same  as  of  those  given  me  by  Mr.  Rosenthal, 
we  get  1,560  divided  by  6*21  equal  to  2-51,  against  6-7  for  the 
Lancashire  boiler  using  a  similar  class  of  fuel,  or  a  final  ratio  of 
merit  1  for  the  Babcock  boiler,  against  2'68  for  the  Lancashire 
boiler. 
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Mr.  J.  H.  Rosenthal  :  The  previous  speaker  has  reminded  Mr.  ^ 
me  of  the  fact  that  the  discussion  on  Mr.  Crompton's  paper  might 
almost  be  called  a  question  as  to  which  is  the  best  boiler  for  a 
central  station.  It  seems  to  me  that,  as  regards  this  interesting 
paper,  the  boiler  has  been  more  amply  discussed  than  any  other 
portion  which  goes  to  make  up  a  central  station. 

During  the  last  three  or  four  years  a  good  many  electrical 
engineers  have  thought  that  the  best  thing  to  do  would  be  to  put 
Lancashire  boilers  in  central  stations,  particularly  in  places  where 
coal  is  cheap  in  the  North  of  England,  and  where  the  saving  of 
space  is  of  no  consequence.  I  have  not  received,  or  been  able  to 
obtain,  any  very  complete  data  as  to  the  results  that  are  obtained 
in  those  places  with  Lancashire  boilers ;  but  the  average  experi- 
ence obtained  in  the  North  of  England  of  the  working  of 
Lancashire  in  ordinary  factories  certainly  goes  to  show  that  the 
result  is  not  more  evaporation,  as  a  rule,  than  from  6  lbs.  to  7  lbs. 
of  water  per  lb.  of  coal.  There  are,  as  Professor  Unwin  has 
mentioned,  trials  on  record  of  magnificent  results  obtained  with 
Lancashire  boilers,  and  particularly  with  Lancashire  boilers  with 
large  economiser  surface  behind  them,  utilising  the  waste  gases. 
But  these  results  are  no  criterion  whatever  for  the  design  of  a 
central  station,  because,  excepting  in  a  very  few  instances,  it 
would  not  be  possible  to  put  as  large  boiler  surface  down  of  the 
Lancashire  type  as  would  be  required  to  work  at  such  a  rate  as 
to  ensure  the  eflSciency  that  is  held  up  as  the  possibility  of 
efficiency  obtainable  with  a  Lancashire  boiler.  So  that  on  the 
whole  I  think  that  when  an  engineer  designing  a  central  station 
looks  into  the  question  he  will  find  that  a  much  better  boiler  for 
his  purpose  is  either  a  water-tube  boiler  or  an  ordinary  tubular 
boiler.  As  to  a  comparison  between  those  two,  I  should  like  to 
say  a  word  presently.  The  question  of  safety  has  always  to  be 
considered,  and  the  question  of  upkeep  likewise. 

It  is  a  very  doubtful  thing  as  to  whether  a  Lancashire  boiler 
is,  under  any  condition,  a  good  boiler  for  a  high  working  pressure. 
I  am  not  prepared  to  say  that  it  is  impossible  to  construct  a 
Lancashire  boiler  to  work  at  high  pressure ;  but  I  have  certainly 
seen  a  good  many  Lancashire  boilers  that  were  put  down  to  work  at 
VOL.  xxiii.  38 
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Mr.  high  pressure  which  have  had  their  pressure  reduced  after  a  few 

Rofentbal.         o     «^  *^ 

years'  work  and  become  useless.  As  to  whether  those  engineers 
who  have  put  down  Lancashire  boilers  to  work  at  high  pressure  will 
experience  the  same  result  or  not,  is  a  matter  to  be  seen  after  they 
have  been  in  use  sufficiently  long  to  be  tried.  As  to  the  possibilities 
of  such  high  effisiency  being  obtained  as  Mr.  Crompton  mentions, 
his  figures  are  undoubtedly  very  high,  and  it  becomes  a  question 
whether  it  will  pay  in  the  long  run  to  go  to  such  refinements  as 
are  necessary  to  obtain  such  high  figures.  At  the  Popp  com- 
pressed air  station  in  Paris,  a  H.P.  was  produced  on  a  plant  of 
Babcock  boilers  and  quadruple-expansion  engines  with  500 
grammes  of  coal,  containing  about  1,400  British  thermal  units — 
that  is,  about  equivalent  to  1*2  lbs.  of  English  coal.  Only  a  day 
or  two  ago  I  received  particulars  of  a  plant  of  Babcock  boilers  in 
Calcutta  working  in  connection  with  a  triple-expansion  con- 
densing engine  of  2,000  H.P.,  where  the  results  amounted  to  the 
production  of  1  I.H.P.  with  1 J  lbs.  of  Indian  coal,  which  would 
be  equivalent  to  1*2  lbs.  of  Welsh  coal.  8o  that  it  seems  we  are 
not,  at  any  rate,  very  far  oflf  the  figures  that  Mr.  Crompton 
mentions  as  a  possibility.  Now  it  is  said  sometimes  that  the 
Lancashire  boiler  is  better  than  the  water-tube  boiler  or  the 
ordinary  tubular  boiler  in  respect  of  the  prevention  of  smoke. 
I  mention  only  the  water-tube  and  the  multitubular  boiler 
together,  because  they  are  under  the  same  conditions  as  &r  as  the 
prevention  of  smoke  is  concerned.  If  you  work  a  Lancashire 
boiler  very  lightly  indeed  with  a  class  of  bituminous  coal  which 
readily  cokes,  you  can  undoubtedly  fire  the  boiler  so  as  to  produce 
very  little  smoke.  But  if  you  have  a  dozen  Lancashire  boilers  it 
is  quite  another  thing.  On  the  whole,  you  may  take  it  that  the 
Babcock  boiler  or  the  ordinary  tubular  boiler,  to  bum  bituminous 
coal  smokelessly,  requires  mechanical  firing.  And  this  is  equally 
necessary  with  the  Lancashire  boiler.  Mr.  Halpin  has  given  us  a 
number  of  figures  with  regard  to  the  evaporation  per  square  foot 
of  a  Babcock  boiler  compared  with  a  Lancashire  boiler.  Now 
those  who  are  acquainted  with  boiler  construction  know  that  for  a 
given  amount  of  work  to  be  produced  economically  you  require 
more  surface  in  every  kind  of  tubular  boiler  than  you  do  in  a 
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boiler  in  which  the  heating  surface  is  merely  plate  surfiice.  I  ^ 
submit  it  does  not  matter  to  the  electrical  engineer  what  the 
surface  of  the  bcnler  is,  as  long  as  he  obtains  a  certain  quantity  of 
steam  for  a  certain  quantity  of  coal,  and  the  total  power  he 
requires  costs  him  the  same  amount  of  money  -as  it  certainly  would 
do,  if  he  took  the  rate  of  the  working  of  the  Lancashire  boiler 
to  obtain  the  same  efficiency  as  that  of  a  tubular  boiler,  I  wish 
to  say  that  it  makes  no  difference  to  him  whether  he  gets  more 
surface  for  his  money  in  the  one  case  than  he  does  in  the  other ; 
it  is  a  question^  of  the  total  production  of  steam  for  a  certain 
amount  of  money,  as  long  as  you  obtain  the  same  efficiency. 

With  regard  to  burning  oil,  I  certainly  think  that  oil-fuel  will 
be  used  to  some  extent  for  dealing  with  sudden  loads  in  an 
electric  lighting  station.  There  is  no  difficulty  whatever  in 
applying  oil  to  a  boiler  that  is  ordinarily  burning  coal,  so  that  it 
can  be  used  at  a  moment's  notice ;  but  there  are  certainly  no  such 
fancy  results  to  be  obtained  with  it  as  Mr.  Henwood  has  claimed ; 
and  so  far  as  that  wonderful  type  of  boiler  which  he  has  sketched 
is  concerned,  it  is  simply  a  Yarrow  or  Thorneycroft  boiler,  or 
similar  to  any  of  the  types  of  light-weight  water-tube  boilers, 
with  tubes  connected  in  such  a  way  that  you  cannot  possibly 
clean  them.  [Mr.  Henwood  :  You  are  altogether  wrong.]  The 
question  of  the  dryness  of  steam  is  one  often  discussed.  Ten 
years  ago  almost  every  engineer  I  met  said,  "Oh,  a  tubular 
"boiler  gives  wet  steam."  I  hear  this  less  frequently  now. 
I  do  not  know  how  many  cases  there  are  of  tubular  boilers 
giving  wet  steam,  but  I  think  there  are  very  few.  I  certainly 
think,  from  careful  observation,  that  on  an  average,  working  at 
the  same  rate,  in  the  manner  I  explained  a  little  while  ago,  the 
Lancashire  boiler  does  not  give  as  dry  steam  as  the  water- 
tube  boiler :  I  am  not  speaking  of  water-tube  boilers  that  are 
built  for  light  weight,  such  as  are  used  on  torpedo  boats,  because 
the  conditions  under  which  they  are  constructed  and  under  which 
they  are  worked  are  altogether  different.  As  I  said  before,  it 
seems  to  me  that  the  question  of  boilers  has  been  more  largely 
discussed  in  Mr.  Crompton's  paper  than  any  other  point.  The 
last  case  where  I  heard  of  a  plant  of  boilers  producing  very  wet 
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Mr.  steam  was  at  Deptford.     The  matter  was  investigated,  and  it  was 

found  that  the  steam  as  it  came  from  the  boilers  contained  only 
three-tenths  of  1  per  cent,  of  moisture,  and  that  the  wetness 
was  produced  in  the  steam  pipes.  Badly  designed  steam  pipes  is, 
I  think,  the  most  prolific  source  of  trouble  with  wet  steam  in 
engines  that  we  have  to  deal  with. 

Mr.  HohneB.       jjj.,  A.  Bromley  Holmes  [<x)7nmunicat€d]  :  Mr.  Crompton's 

useful  and  interesting  paper  will  be  studied  with  advantage  by  all 

engineers   connected  with   electrical   supply.     In  his   prophetic 

estimate  of  the  future  selling  price  of  electrical  energy,  which  he 

fixes  at  3d.  per  unit,  Mr.  Crompton  omits  to  make  any  allowance 

for  depreciation.    The  experience  of  those  who  have  been  engaged 

in  manufacturing  businesses  shows  that  it  is  not  sufficient  merely 

to  provide  for  the  annual  cost  of  repairs  necessary  to  maintain  the 

plant  in  first-class  working  order,  but  that  mere  lapse  of  time 

entails  a  depreciation  in  value,  and  the  consequent  necessity  of 

setting  aside  a  depreciation  or  renewal  fund  to  provide  for  the 

expenditure  from  time  to  time  necessary  to  keep  the  plant  up  to  date. 

In  a  paper  read  before  the  Liverpool  Engineering  Society  a 

few  months  since,  the  writer  estimated  the  cost  of  electricity  to 

the  consumer  in  the  near  future  on  a  business  selling  two  million 

imits  per  annum  at  the  following  figures : — 

d. 

1.  Works  cost,  including  maintenance        1-5   per  unit. 

2.  Management         ...         ...         ...         0*5     „       „ 

3.  Profit         1-5     „       „ 

Total       3-5     „       „ 

To  which  was  added  an  allowance  of  l^d.  per  unit  for  depreciation 

reserve. 

Mr.  Crompton's   figures  for  the   corresponding  items  are  as 

follows : — 

d. 

1.  Works  cost  and  maintenance       ..,         0*9   per  unit. 

2.  Management         0-42   „     „ 

3.  Profit         »..         •••         •••         ,.,         1*68    „      „ 

Total       3-0     „      „ 
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As  the  writer's  figures  were  based  on  sales  of  two  million,  and  Mr.  Holmes. 
Mr.  Crompton's  on  five  million  units  per  annum,  there  is  a  very 
close  correspondence  between  them. 

In  Table  III.  Mr.  Crompton  gives,  under  item  N,  the  evapora- 
tion obtained  by  Lancashire  boilers  in  Liverpool  at  5  lbs.  of 
water  for  each  pound  of  coal.  Mr.  Crompton  adds  a  note  of 
interrogation  to  the  5  lbs. ;  and  to  make  his  table  accurate  this 
note  of  interrogation  should  be  replaced  by  0*48,  as  the  evapora- 
tion, averaged  over  a  long  period,  has  been  5*48  lbs.  of  water  per 
lb.  of  high-class  Lancashire  slack. 

Mr.  Crompton  is  in  error  in  supposing  that  in  the  Northern 
counties  little  or  nothing  is  said  if  smoke  is  produced.  In 
Liverpool  (and  no  doubt  also  in  Manchester  and  other  towns)  the 
Corporation  inspectors  keep  a  most  vigilant  watch  on  the  chim- 
neys ;  but  a  Lancashire  boiler,  if  properly  worked,  produces  very 
little  smoke  and  causes  no  nuisance. 

The  writer  cannot  help  thinking  that  Mr.  Crompton's  ex- 
perience with  Lancashire  boilers  at  Chelmsford  (item  J  in 
Table  III.)  has  been  unfortunate,  and  that  further  experiment 
may  enable  him  to  secure  better  results. 

The  results  given  in  last  column  of  Table  VI.  are  compara- 
tively valueless  unless  accompanied  by  some  information  as  to  the 
average  loads  at  which  the  engines  are  worked.  In  the  early  days 
of  a  supply  station  the  unit  size  of  plant  selected  is  usually  too 
large  for  the  working  conditions  of  the  station,  but  as  the  demand 
increases  this  disadvantage  gradually  disappears. 

A  direct-acting  high-speed  engine  which  at  full  load  will  pro- 
duce one  imit  per  hour  at  the  dynamo  terminals  with  30  lbs.  of 
steam,  wiU  require  approximately  double  this  amount  of  steam, 
and  consequently  of  fuel,  when  working  at  one-third  load.  From 
this  point  of  view,  Table  VI.,  though  of  great  interest  historically, 
requires  further  details  (which  have  unfortunately  been  impossible 
to  obtain)  to  make  it  of  great  practical  value. 

Mr.  Crompton  does  valuable  work  in  calling  attention  to  the 
great  waste  of  fuel  arising  from  the  use  of  small  independent 
engines  for  pumps  and  similar  purposes.  In  the  Liverpool  supply 
stations  considerable  economy  has  been  eflfected  by  replacing  the 
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Mr.  HoimM.  stoker  engines  by  electro-motors,  and  it  is  under  consideration  to 
deal  with  the  pumps  in  a  similar  way. 

Mr.  Crompton  is  to  be  congratulated  on  the  extremely  favour- 
able rates  of  maintenance  which  he  has  attained,  as  set  forth  in 
Table  VIII.  Unless  the  capital  value  of  the  accumulators  is 
taken  at  an  unduly  high  figure,  the  annual  maintenance  rate  of 
3 J  per  cent,  is  one  of  which  he  may  be  justly  proud ;  it  will  be  a 
matter  of  great  interest  to  supply  station  engineers  to  learn  in 
the  future  if  this  remarkably  low  rate  of  maintenance  can  be 
continued  during  the  succeeding  equal  period  of  four  years. 

Mr.  Crompton  must  have  expended  a  great  deal  of  time  and 
trouble  in  collecting  and  arranging  the  valuable  information 
contained  in  his  paper,  and  deserves  the  gratitude  of  all  interested 
in  electrical  supply  for  his  generosity  in  publishing  the  results  of 
his  experience  so  fally  and  freely  for  their  benefit. 
Mr.  Hunter  Mr.  W.  D.  HuNTEK  [commituicated']  :  In  a  paper  dealing  with 
the  cost  of  electrical  energy  to  consumers,  it  appears  to  me  that 
the  method  adopted  by  Mr.  Crompton,  in  leaving  out  of 
consideration  directors'  fees,  salaries,  and  expenses,  does  not  show 
the  true  cost  of  production. 

I  do  not  think  the  cost  of  management  is  outside  the  province 
of  engineers,  but  is  just  as  much  an  item  to  be  oonsidered  as  the 
choice  of  the  system  used,  and  the  skill  of  the  designer,  and  the 
interest  to  be  paid  on  the  capital  expended.  To  my  mind,  the 
right  thing  to  do  is  to  take  the  total  cost  of  production,  plus  a 
reasonable  rate  of  interest  on  the  capital  employed  to  produce 
the  energy  sold  to  consumers ;  and  the  argument  in  favour  of  this 
is  that  one  company  may  produce  .energy  at  a  very  low  cost,  but 
such  a  result  may  only  be  obtained  by  a  large  capital  expenditure. 

With  regard  to  Table  VI.,  in  which  the  comparison  of  fuel 
used  by  different  companies  is  given,  the  figure  opposite  my 
company  (viz.,  the  Newcastle  and  District  Electric  Lighting 
Company,  Ltd.)  of  310  British  thermal  units  used  per  watt-hour, 
is  wrong;  it  ought  to  be  204,  and  this  I  pointed  out  to  Mr. 
Crompton  before  the  reading  of  his  paper. 

As  the  result  of  careful  experiment  at  our  works,  I  estimated 
the    average    production  of  steam  over  the  year  to   be   5  lbs. 
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per  lb.  of  coal  used — i.e.,   the  calorific  value  of  the  fuel   used  Mr.  Hunter. 
by  us  in  conjunction  with  our  ordinary  method  of  stoking  was 
only  half  that  of  Welsh  coal   evolving  14,500  British  thermal 
units. 

I  may  further  say  that  in  the  case  of  my  company,  after  the 
experience  of  the  past  year,  it  has  been  found  felse  economy  to 
use  a  common  quality  of  coal,  in  spite  of  its  low  cost*  The  £Etct, 
however,  remains  that  such  coal  was  used,  with  the  result  shown 
by  the  figures  following : — 

Total  coal  used  during  the  year  was  4,698  tons. 

Calorific  value,  7,250  British  thermal  imits. 

Total  units  sold,  372,922. 

4,698  X  2,240  x  7,250  ^  ^^^ 
372,922,000 

Mr.  T.  P.  WiLMSHURST   [communicated] :    Mr.   Oompton's  Mr. 

^  -^  .  Wilmshurst 

interesting  paper,  as  might  be  expected,  resolves  itself  into  a 
vindication  of  the  supposed  advantages  of  low  tension  over  high 
tension,  water-tube  over  Lancashire  boilers,  and  direct  over  rope 
driving. 

It  is  open  to  doubt,  however,  whether  any  comparison  can  fairly 
be  drawn  between  the  working  results  of  a  station  serving  only  a 
compact  area,  and  one  serving  a  scattered  and  perhaps  thinly 
populated  area.  If  any  such  comparison  can  be  made,  surely  the 
distance  from  the  works  to  the  farthest  lamps,  or  the  relative  areas 
supplied,  should  be  taken  into  account ;  but  this  consideration  has 
been  omitted  firom  the  paper — and  perhaps  wisely. 

Examination  of  the  Electrician  supplement  of  January  5th 
shows  that  at  the  stations  mentioned  in  Table  VI.  the  distance 
from  the  works  to  the  farthest  lamps  is,  with  the  high-tension 
works,  on  the  average  more  than  three  times  as  great  as  that  firom 
the  low-tension  stations.  Had  the  low-tension  stations  had  to 
serve  similar  areas  to  those  of  their  rivals,  would  not  the  relative 
efficiencies  have  been  widely  difierent  ? 

Apropos  of  Lancashire  boilers,  Mr.  Crompton  remarks,  "  At 
"  any  rate,  the  electric  works  using  Lancashire  boilers  have  not 
"  hitherto  shown  at  all  well  in  comparison  with  other  types." 

Published  records,  however,  appear  to  prove  the  exact  opposite. 
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Mr.  The  works  using  Lancashire  boilers  appear  in  the  front  rank  for 

economy — ^notably  Birmingham,  Bradford,  Liverpool,  Brighton, 
Leeds,  Newcastle,  &c. ;  and  the  lowest  works  costs  on  record  of 
2*10d.  are  obtained  in  a  station  using  these  boilers ! 

Bope  driving  also  comes  in  for  its  share,  and  perhaps  more 
than  its  share,  of  condenmation. 

Examination  of  the  before-mentioned  supplement  shows  that 
the  majority  of  stations  now  at  work  use  ropes  or  belts ;  indeed, 
excluding  the  London  stations,  where  ground  space  is  the  all- 
important  consideration,  the  preponderance  in  favour  of  ropes 
becomes  still  more  marked.  It  is  a  curious  commentary  on  Mr. 
Crompton's  criticisms  that  in  the  stations  now  under  construction, 
designed  presumably  on  the  accumulated  experience  of  past  years, 
rope  driving,  Lancashiie  boilers,  and  alternating  currents  are 
being  used  in  overwhelming  proportion. 

Mr.  Gray.  jf^^  WiLLiAM  E.  Gray  [communicatect]  :  Although  I  made  no 

attempt  to  join  in  the  verbal  discussion  of  Mr.  Crompton's  paper, 
in  view  of  the  time  allowed  for  this  being  necessarily  limited,  I 
wish  to  join  with  other  members  in  thanking  the  author  for  the 
very  valuable  paper  he  has  laid  before  us  on  a  subject  which  is  of 
great  interest,  and  which,  owing  to  the  difficulties  surrounding  it, 
has  hitherto  been  dealt  with  incompletely.  The  data  given  are  of 
exceptional  value ;  but  I  cannot  agree  with  many  of  the  deduc- 
tions drawn  from  these  by  the  author,  and  to  such  points  of 
difference  I  shall  confine  my  remarks. 

Li  referring  to  fuel,  the  author  appears  to  consider  that  Welsh 
coal  is  the  best  under  all  conditions.     Although  this  may  be  so 
with  regard    to    London,   where    smokeless    combustion   is   an 
essential,  in  other  towns,  with  proper  boiler  arrangements,  other 
classes  of  coal  can  be  used   with  advantage.     With  a  view  to 
obtaining  the  maximum  of  fuel  economy  in  the  Silvertown  Tele- 
graph Works,  where  over  40  boilers  are  in  use,  we  have  been 
engaged  for  a  number  of  years  in  the  systematic  test  of  coal;  and, 
although  the  results  cannot  be  considered  as  comparative  with 
results  obtained  under  other  conditions,  still  in   themselves  they 
are  of  value.     The  type   of  boiler  used   for  these   tests   is   the 
Lancashire,    with  Galloway    tubes,   and    fitted  with  mechanica 
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automatic  stokers ;  and  the  tests  were  uniformly  carried  out,  Mr  oraj . 
admitting  to  the  boilers  feed  water  at  60*^  Fah.,  and  evaporating 
steam  at  60  lbs.  pressure,  the  length  of  test  extending  over  at 
least  12  hours.  The  boilers  were  worked  at  their  normal  rate  in 
all  cases,  and  the  tests  of  the  various  kinds  of  coal  were  carried 
out  in  the  same  bqilers,  to  ascertain  which  coal  was  most  suitable 
and  economical  for  use  with  these  boilers.  No  test  was  made  on 
the  percentage  of  water  carried  over  by  the  steam,  and  the 
following  results  were  obtained : — 


Class  of  Fdel. 

Lbd.  of  Water 

Evaporated 
per  Lb.  of  Coal. 

Coit  of  Fuel,  in 

pence,  per  100  Galf . 

Evaporated. 

Midland  coal,  average  quality  . . 
Durham  coal,  average  quality  ... 
Welsh  coal,  small  nuts 

54 
6i 

7f 
7 
10 

The  cost  of  fuel  does  not  include  delivery  in  London,  but  is 
probably  a  fair  average  for  most  towns  favourably  situated  for  fuel 
transport,  and  naturally  on  the  cost  of  transport  would  greatly 
depend  the  class  of  coal  to  be  used.  But  the  above  goes  to  show 
that,  even  in  London,  an  economy  can  be  effected  by  using 
Durham  coal,  if  such  steps  are  taken  as  are  necessary  to  prevent 
any  inconvenience  arising  from  its  use. 

Li  considering  the  type  of  boiler  to  be  used,  the  author 
appears  to  have  somewhat  lightly  treated  the  claims  for  con- 
sideration of  the  Lancashire  boiler.  Where  rent  is  high,  water 
good,  and  rapid  steaming  an  important  factor,  the  water-tube 
and  locomotive  type  boiler  present  great  advantages;  but  in 
many  towns  rent  is  not  high,  water  is  not  good,  and  rapid 
steaming — due  to  disi)osition  of  plant — is  not  an  absolute  neces- 
sity: in  such  cases  the  Lancashire  boiler  can  be  used  with 
advantage.  It  may  be  objected  that  the  question  whether  the 
water  is  good  or  not  should  be  considered  apart  from  the  boilers. 
Unfortunately,  this  cannot  always  be  done,  even  if  the  size  of 
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Mr.  or»y.  the  plant  and  volume  of  water  to  be  treated  justifies  the  erection 
of  a  purifier,  as  we  cannot  always  be  certain  that  the  water 
passing  through  will  be  purified  completely.  The  use  of  a 
purifier  will,  we  know,  allow  us  to  use  water  which  would  other- 
wise be  useless,  and  no  doubt  aids  us  in  making  indiflFerent  water 
serviceable ;  still,  we  cannot  ask  for  perfection  in  the  purified,  and 
must  seek  for  a  boiler  which  will  deal  economically  with  the 
water  at  our  disposal,  whether  purified  or  not,  according  to 
circumstances.  The  amount  of  moisture  in  the  steam,  and  cost  of 
upkeep  of  the  boilers,  must  also  be  taken  into  consideration 
where  economy  is  sought. 

The  author  refers  to  superheaters.  The  economical  advantages 
of  these,  properly  applied,  is  undoubted ;  but  before  deciding 
to  adopt  this  system  on  the  score  of  economy  of  steam  con- 
sumption alone,  would  it  not  be  well  to  consider  the  cost  of 
upkeep?  Even  under  the  favourable  conditions  mentioned  by 
Professor  Unwin  as  obtaining  in  Alsace,  I  am  assured  that  the 
cost  of  maintenance  is  an  important  factor,  and  that  many  of  the 
engineers  who  have  closely  followed  the  experiments  carried  out 
there  have  decided  to  await  further  improvements  before  adopting 
this  system. 

Dealing  with  engines,  Mr.  Crompton  is  apparently  prepared 
to  pin  his  faith  to  the  high-speed  type,  directly  coupled  to  the 
dynamo.  Although  there  is  no  doubt  that,  owing  to  the  great 
abilities  of  the  late  Mr.  Willans,  much  has  been  done  to  improve 
this  type,  slow-speed  engine  makers  have  not  been  idle  5  and,  as 
mentioned  by  Mr.  Crompton,  Carels,  Treves,  Sulzer,  and  other 
makers  can  produce  engines  which  will  be  difficult  to  improve 
upon  from  the  point  of  view  of  economy  of  steam  consumption. 
The  objection  to  the  large  space  demanded  for  these  engines  as 
compared  with  that  required  for  the  high-8i)eed  type  is,  after  all, 
a  question  of  rent  plus  cost  of  maintenance ;  and  it  remains  to 
be  proved,  for  the  high-speed  engine,  whether  it  can  compete 
favourably  on  these  grounds.  In  referring  to  the  cost  of  oil  for 
engines,  it  is  to  be  regretted  that  the  author  draws  no  distinc- 
tion between  vertical  and  horizontal  slow-speed  engines. 

Attention  is  drawn  to  the  classification  of  Table  YI.,  and  it  is* 
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inferred  that  the  difference  in  cost  per  unit  is  due  to  the  Mr.  omy. 
difference  in  mode  of  drive.  If  this  were  really  so,  it  would  go 
fer  to  support  the  author's  contention  that  direct  drive  is  to  be 
preferred  to  rope  drive ;  but  the  table  shows  that  the  rope-driven 
plant  18  nearly  invariably  alternating-current,  while  the  direct  is 
continuous-current.  I  must  leave  to  others  to  decide  whether  the 
comparison  is  a  fair  one  between  these  two  systems,  and  confine 
myself  to  saying  that  it  certainly  is  not  a  fair  comparison  between 
the  relative  values  of  the  two  drives.  This  the  author  admits 
when  he  shows  that  the  initial  eflBciency  of  the  high-speed  plant 
described  is  little  greater  than  that  obtained  with  a  horizontal 
slow-speed  engine  with  rope  drive.  What  the  comparative 
efficiency  would  be  after,  say,  six  years,  he  does  not  tell  us. 
Wliatever  the  disadvantages  of  a  rope  drive  may  be,  it  certainly 
has  the  advantage  of  being  a  flexible,  instead  of  a  rigid,  connection 
between  engine  and  dynamo. 

Although  the  author  gives  us  no  comparative  costs  of  main- 
tenance for  the  engine  and  boiler  he  prefers,  he  at  least  gives  us 
the  cost  of  maintenance  of  his  underground  system  in  use  by  the 
Kensington  and  Knightsbridge  Company,  his  results  being  based 
on  the  last  four  years'  working;  but,  as  he  gives  no  cost 
for  maintenance  of  continuously  insulated  cables  underground, 
I  am  at  a  loss  to  understand  how  he  arrives  at  the  conclusion 
that  his  system  is  less  costly.  To  fill  his  omission,  I  give  the 
figures  published  in  the  report  of  the  Metropolitan  Electric 
Supply  Company. 

Mains,  including  cost  of  laying  mains,  £141,689  Os.  8d. 
Repairs,  maintenance,  and  renewals  of  mains  of  all  classes, 
including  materials  and  laying  the  same,  £26  15s.  8d. 

The  system  here  employed  is  high-tension  where  the  strains 
that  the  dielectric  is  subjected  to  are  greater  than  those  borne 
by  the  mains  of  the  Kensington  and  Knightsbridge  Company. 
As  part  of  the  cables  were  laid  over  four  years  ago,  the 
comparison  is  a  fair  one.  The  result — i.e.,  a  cost  of  maintenance 
of  less  than  l-50th  per  cent. — does  not  bear  out  Mr.  Crompton's 
contention. 

In  conclusion,  if  the  reading  of  Mr.  Crompton's  paper  tends  to 
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convince  electrical  engineers  that  no  standard  type  of  plant  is 
possible,  but  that  the  plant  must  vary  according  to  the  conditions 
of  work,  which  must  be  carefully  considered  before  the  machinery 
is  selected,  then,  in  addition  to  the  value  of  the  tables  he  gives, 
the  author's  paper  will  have  done  much  to  prevent  the  industry 
following  in  a  groove  from  which  it  will  be  difficult  to  stir,  and 
which  may  lead  to  utter  failure  in  many  cases. 

Mr.  Archibald  Sharp  [communicated]  :  No  reference  has 
been  made  in  the  discussion  to  the  cost  of  energy  for  electric 
traction,  possibly  on  account  of  its  relatively  much  smaller  im- 
portance on  this  side  of  the  Atlantic,  as  compared  with  the 
cost  of  energy  for  electric  lightiDg. 

At  the  generating  station  of  an  electric  railway  or  tramway, 
the  peaks  of  the  load  curve  have  bases  of  about  one-quarter  to 
one-half  a  minute,  instead  of  two  or  three  hours  as  in  an  electric 
light  station.  These  peaks  occur  at  small  intervals,  correspond- 
ing to  the  time  of  starting  of  the  trains  or  cars.  The  maximum 
ordinate  of  the  load  curve  may  be  twice  the  mean  ordinate,  in 
which  case  the  engines — which  must  be  of  power  equal  to  that 
denoted  by  the  maximum  ordinate — will  be  running  most  of  the 
time  at  half  load,  with  a  corresponding  low  efficiency.  If  engines 
of  power  just  equal  to  that  denoted  by  the  mean  ordinate  of  the 
load  curve  could  be  used,  in  conjunction  with  storage  of  energy 
for  the  -peaks  of  the  load  curve,  the  efficiency  of  the  engines 
would  be  increased  and  the  cost  of  the  energy  diminished. 

A  fly-wheel  of  quite  reasonable  dimensions  can  be  designed 
to  give  the  necessary  store  of  mechanical  energy.  Let  W  be  the 
weight  of  the  rim  in  tons,  V  the  linear  velocity  of  the  rim  in 
feet  per  second  :  then  tte  energy  stored  in  the  rim  will  be 

W  V*  W  V* 

-r —  foot-tons,  =  frT?r-Fi  H.P.-minutcs. 
2  g  '       948-8 

If  a  variation  of  speed  of  2^  per  cent,  above  and  below  the  mean 

W  V* 

speed  be  allowed,  the  energy  available  will  be  -^j,?r  H.P.-minutes. 

The  greatest  safe  speed  of  rim  of  large  cast-iron  fly-wheels  of 
the  usual  type  seems  to  be  about  75  feet  per  second,  though  there 
are  cases  in  which  a  speed  of  100  feet  per  second  is  reached.    Taking 
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a  mean  speed  of  75  feet  per  second,  and  a  variation  of  2^  per  Mr.  sharp. 
cent,  above  and  below  the  mean,  to  get  100  H.P.-minutes  available, 
168  tons  would  be  required  in  the  rim,  which  is  prohibitive. 

I  have  designed  a  high-speed  fly-wheel  which  can  be  safely 
run  up  to  a  speed  of  300  feet  per  second.  The  distinctive 
features  of  its   construction   are   illlustrated  in  Figs.  1   and  2. 


Fig.  1 


The  nave  of  the  wheel  is  suspended  from  the  rim  by  a  series  of 
steel  loops ;  one  loop  forming  a  pair  of  spokes  is  shown  thickened. 
The  ends  of  the  pair  of  spokes  are  fastened  to  the  rim  by  nuts. 
The  portions  of  the  spokes  in  contact  with  the  nave  lie  in  helical 
grooves  cast  on  the  latter.  There  is  absolutely  no  fastening  of 
the  spokes  to  the  nave  beyond  that  due  to  friction. 

The  rim,  being  supported  at  small  intervals  by  the  numerous 
spokes,  is  nowhere  subjected  to  large  bending  stresses  due  to 
centrifugal  force,  as  is  the  case  in  large  wheels  with  a  small 
number  of  arms.  It  may  therefore  be  run  at  a  mucfh  higher 
velocity  with  safety.  A  wheel  with  mild  steel  rim  and  steel 
spokes  may  be  safely  run  at  300  feet  per  second  linear  speed 
of  rim.  At  this  speed,  and  with  2^  per  cent,  variation  above  and 
below  the  mean,  10^  tons  weight  of  rim  would  be  required  to 
get  an  avcMaJble  storage  of  100  H.P.-minutes.  Assuming  that 
the  form  of  the  largest  peak  above  the  mean  line  is  triangular, 
with  a  base  half  a  minute  long,  the  top  of  the  peak  would  be 
400  H.P.  above  the  mean  power  required,  and  the  fly-wheel  would 
therefore  be  equivalent  to  an  engine  of  400  H.P. 
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To  get  the  above  Becessary  high  speed  the  fly-wheel  would, 
in  most  cases,  be  fixed  on  the  same  shaft  as  the  armature  of  the 
dynamo,  a  simple  friction  coupling  affording  a  provision  against 
damage  by  short-circuiting.  The  dynamo  would  still  have  to  be 
of  capacity  equal  to  the  maximum  ordinate  of  the  load  curve, 
though  the  engine  need  only  be  of  power  equal  to  the  m^am. 
ordinate. 

The  smaller  the  number  of  trains  driven  from  the  central 
station,  the  greater  is  the  ratio  of  the  maximum  to  the  mean 
ordinate,  and  therefore  the  greater  will  be  the  saving  effected 
by  the  use  of  such  a  fly-wheel  accumulator.  The  saving  is  not 
only  effected  in  first  cost  of  engines,  but  also  in  working  expenses ; 
the  steam  consumption  per  I.H.P.  being,  as  is  well  known,  much 
less  in  an  engine  working  full  power  than  in  the  same  engine 
working  at  half  load. 

Mr.  Crompton  (in  reply) :  The  length  of  the  discussion,  the 
number  of  speakers,  and  the  number  of  subjects  touched  upon, 
make  it  necessary  for  me  to  group  these  subjects,  instead  of 
replying  to  each  speaker  individually. 

Several  gentlemen  ask  why  I  selected  works  having  such  a 
large  output  as  5,000,000  units  per  annum  as  a  basis  for  my  ideal 
figures ;  and  Mr.  Hammond  rather  scared  us  when  he  said  that 
the  gross  income  of  very  few  gas  works  would  reach  the  sum  of 
£62,000  a  year,  which  is  the  gross  income  corresponding  to 
5,000,000  units  at  3d.  He,  however,  has  now  found  out  that  he 
is  mistaken  in  this,  and  that  the  income  of  a  very  large  number  of 
gas  undertakings  greatly  exceeds  this  figure.  At  any  rate,  I  have 
no  doubt  that,  in  London,  the  works  of  the  Westminster  Company, 
the  Metropolitan  Company,  and  probably  the  City  of  London 
Company,  will  reach  this  rate  of  output  within  two  or  three  years ; 
and  that  even  the  smaller  companies  with  which  I  am  personally 
connected  will  approach  it  so  nearly  that  my  ideal  costs,  so  &r  as 
they  depend  on  scale  of  output,  may  be  also  closely  approached. 

As  to  the  capital  cost  of  works  capable  of  dealing  with  this 
output,  I  can  assure  General  Webber,  and  Messrs.  Geipel, 
Raworth,  Hanmiond,  and  others,  that  I  went  very  carefully  into 
the  existing  figures  before  I  satisfied  myself  that  a  works  capital 
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cost  of  28.  per  unit  sold  was  a  correct  figure  to  adopt.     I  arrived  ^ipto„ 
at  this  figure  in  the  manner  which  General  Webber  himself  would 
approve  of — i.e.,  I  took  the  actual  figures   from  the  companies 
with  which  I  am  in  close  connection,  and  from  these  I  prepared 
my  calculations.     I  did  not  use  the  antiquated  plan  of  calculating 
by  lamps  connected  to  the  system,  which,  for  many  reasons,  is  no 
longer  a  useful  guide.    The  two  quantities,  or  fetctors,  required  are 
those  which  enable  us  to  calculate  the  load-factor  for  any  district, 
and  can  be  easily  ascertained  from  existing  experience  of  works 
supplying  electricity  to  a  similar  district ;  these  two  quantities 
are  the  maximum  in  kilowatts  of  load  observed  during  the  year, 
and  the  output  in  units  sold  per  annum.     The  relation  which  this 
latter  quantity  bears  to  the  observed  maxima  in  various  works 
enables  us  to  say  that  the  maximum  rate  of  output,  and  hence 
the  size  of  the  plant,  may  be  obtained  by  dividing  the  output  per 
annum  in  units  by  a  figure  which  is  a  number  of  hours,  and  which 
varies  firom  900  hours,  or  a  load-factor  of  10*3,  in  the  case  of  some 
provincial  towns,  up  to  1,300  hours,  or  a  load-£etctor  of  14'8,  in  my 
Kensington  district,  and  to  even  higher  figures  in  other  parts  of 
London.    The  quotient  thus  obtained  is  the  maximum  load  in 
kilowatts.    For  the  pmrposes  of  my  paper  I  took  the  very  safe 
figure  of  1,000  hours,  corresponding  to  a  load-fitctor  of  11*4,  so 
that  for  an  output  of  5,000,000  units  I  require  5,000- kilowatt 
plant.     In  these  works  the  generating  plant  must  necessarily 
have  firom  20  to  25  per  cent,  of  machinery  in  reserve,  although  the 
distributing  plant  need  only  be  of  the  exact  capacity,  so  that  the 
5,000-kilowatt  load   may  be   dealt  with  without   undue   fall   of 
pressure  in  the  mains. 

My  capital  expenditure  of  £500,000  is  therefore  a  very  safe 
estimate — ^in  fact,  I  believe  it  to  be  an  outside  figure ;  but,  much 
as  I  should  like  to  enlarge  on  this  point,  space  does  not  permit 
me  to  labour  it.  Messrs.  Geipel  and  Hammond,  and  even  General 
Webber  himself,  have,  however,  put  figures  before  you  showing 
that,  in  their  opinion,  it  can  be  done  at  from  £75  down  to  as 
low  a  figure  as  £60  per  kilowatt ;  whereas  it  will  be  seen  that  I 
have  adopted  £100;  and,  as  I  am  in  a  responsible  position  in 
regard  to  certain  works  designed  by  me,  I  know  with  reasonable 
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certainty  that  the  present  plant  in  its  completed  state  will,  when 
working  at  present  load-factors,  not  cost  more  than  this  sum — 
in  fact,  I  hope  it  will  cost  considerably  less. 

The  next  point  raised  in  the  discussion  was  whether  I  am  correct 
in  asserting  that  the  management  and  profit  items  in  working  costs 
are  outside  the  province  of  us  engineers.  Messrs.  Geipel,  and 
Mr.  Hunter,  the  engineer  of  the  Newcastle  and  District  Company, 
in  his  communicated  remarks,  have  pointed  out  that  these  two 
items  cannot  be  left  out  when  considering  the  whole  cost  of 
production,  and  I  agree  with  them  ;  but  why  do  they  speak  as  if 
I  had  left  them  out?  I  think  that  the  words  in  my  paper, 
paragraph  2,  page  397,  suflSciently  explain  why  I  did  not  take  up 
unnecessary  time  on  this  point;  in  fact.  General  Webber 
criticises  me  rather  sharply  for  the  little  that  I  did  say. 

Coming  now  to  my  estimate  of  ideal  costs,  three  speakers — 
General  Webber,  Messrs.  Geipel  and  de.  Segundo— criticise  me 
rather  severely.  Eight  other  speakers — among  them  Messrs. 
Saworth,  Robinson,  Kennedy,  and  Holmes — have,  however,  criti- 
cised them  favourably,  and  taken  these  costs  in  the  manner 
intended  by  me — viz.,  that  my  ideal  costs  were  intentionally 
pitched  high,  and  difficult  of  attainment.  The  fact  that  several 
of  those  who  contributed  to  the  discussion  have  already  been 
able  to  show  figures  in  some  measure  approaching  to  these  ideals 
is  a  cheering  one,  and  is  the  best  answer  to  my  first-named 
critics. 

Mr.  de  Segundo  has  dealt  with  my  ideal  figures  at  length, 
but  it  will  be  more  convenient  to  deal  with  his  remarks,  and 
those  of  others,  on  the  subject  of  ideal  boiler  and  engine 
efficiencies  when  dealing  with  these  two  matters  further  on ; 
but  Messrs.  Hammond  and  Holmes  ofier  serious  matter  for 
consideration  on  the  depreciation  question.  On  this  question  of 
depreciation  opinions  differ  very  widely,  and  I  can  only  give  my 
own  as  one  among  many  ;  but  I  venture  also  to  give  my  reasons 
for  my  opinion,  which  is  sometimes  said  to  be  a  dangerous 
course.  I  believe  that  in  working  costs  there  should  be  no 
allowance  whatever  for  depreciation  of  plant.  Of  course,  I  am 
not  dealing*"  with  the  case  of  plant  owned  by  local  authorities, 


189*0  DISCUSSION.  547 

who  by  the  regulations  of  the   Local   Grovernment   OflSce   are  Mr. 

^  ^  Oromptoo. 

obliged  to  set  aside  certain  annual  sums  as  a  sinking  fund,  so 
that  at  the  eiyl  of  a  fixed  period  the  whole  capital  that  has  been 
borrowed  for  the  works  will  be  paid  oflF;  but  in  the  case  of 
supply  companies  holding  a  concession  for  a  limited  term  of 
years,  I  believe  that  the  true  course  is  to  spend  annually  and 
charge  against  revenue  such  a  sum  as  is  sufficient  to  maintain 
the  plant  in  perfect  working  order.  During  early  years  the 
annual  sum  required  will  be  smaller  than  at  a  later  date,  when 
the  plant  has  become  worn ;  so  that  it  is  advisable  during  these 
early  years  to  set  aside  a  sum  in  excess  of  the  sum  actually  spent 
on  repairs,  in  order  to  equalise  these  maintenance  costs  from 
year  to  year ;  but  if  this  has  been  properly  done,  at  the  end  of 
the  concession  there  should  be  no  balance  left  over  one  way  or 
the  other — that  is  to  say,  the  plant  should  be  in  perfect  working 
order,  and  there  should  be  no  depreciation  fund  existing. 

We  are  indebted  to  Mr.  Hammond  for  inventing  a  highly 
useful  word — "  antiquation."  Tnis  is  an  entirely  different  matter 
from  depreciation,  and  I  think  no  provision  should  be  made  for  it. 
I  do  not  think  that  other  public  companies,  such  as  railway 
companies,  water  companies,  or  gas  companies,  ever  have 
thought  of  providing  an  antiquation  fund.  What  is  the  use  of 
such  a  fund  ?  I  presume,  to  enable  us  in  the  future  to  purchase, 
and  use  for  purposes  of  reducing  working  costfl,  any  future  inven- 
tions which  we  are  now  ignorant  of;  but  surely,  before  the 
adoption  of  any  such  future  improvement  would  be  decided  on, 
it  must  be  shown  to  pay — that  is  to  say,  not  only  to  reduce  the 
working  costs  below  their  then  level,  but  to  such  an  extent  as  to 
pay  the  interest  on  the  sum  sunk  on  the  improvement ;  and  if  it 
is  of  this  nature,  there  could  be  no  difficulty  in  raising  fresh 
capital  to  introduce  the  improvement.  Why  should  present  rate- 
payers, or  present  shareholders,  pay  for  improvements  destined  to 
benefit  those  who  follow  them  ? 

Further  than  this,  I  cannot  help  feeling  that  this  desire  for  an 

antiquation  frmd  is  due  to  an  uneasy  feeling  in  the  minds  of  some 

engineers  that  their  present  plant  is  not  quite  what  it  should  be 

— that  it  is  already  antiquated,  and  that  they  had  better,  as  soon 
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ifr.  aa  possible,  begin  to  set  about  replacing  it  by  something  better. 

I  ^n  happy  to  say  that  this  is  a  feeling  which  has  not  oppressed 
me.  When  we  already  have  such  good  generating  plant  as  we 
have  at  present,  and  when  our  distribution  losses  are  only  10  per 
cent^  it  is  not  easy  for  us  to  see  what  we  are  likely  to  gain  from 
further  improvements.  Such  improvements  as  are  continually 
introduced  into  the  best  class  of  plant  concern  only  the  cheapen- 
ing of  the  manufacture  of  that  plant,  and  the  future  purchasers  of 
it — that  is  to  say,  the  plant  in  the  future  will  be  probably  very 
little  better  than  the  present,  but  it  may  be  very  much  cheaper ; 
this,  however,  is  no  reason  for  antiquating  present  good  plant  in 
order  to  purchase  cheaper  plant  of  the  same  type  and  eflSciency. 
It  is  for  these  reasons  that  I  have  left  out  depreciation  and  anti- 
quation  from  my  ideal  costs,  and  only  put  in  a  sum  of  0'4d.  per 
unit,  which  I  think  will  on  the  scale  proposed  be  sufficient  to  keep 
the  plant  in  perfect  working  order. 

Value  of  Fuels. 

As  I  had  expected — I  may  say  hoped — this  important  subject 
has  been  well  discussed  by  those  who  are  most  competent  to  oflfer 
opinions  on  it.  The  discussion  has  only  confirmed  my  views  that 
the  fortunate  users  of  Welsh  coal  ought  to  congratulate  themselves 
as  having  escaped  the  worries  and  uncertainties  attending  the  use 
of  the  bituminous  and  other  coals  which  contain  so  much  of  their 
thermal  efficiency  in  the  form  of  hydrogen.  I  see  that  Mr. 
Raworth  and  Professor  Kennedy  support  me  strongly  on  this 
point ;  and  although  Professor  Unwin  quotes  tests  to  contradict 
my  views,  he  xMily  quotes  test  runs  which,  as  I  have  shown  by  my 
Chelmsford  experience,  only  lead  to  erroneous  conclusions 
whereas  those  who  support  me  do  so  from  their  knowledge  of  the 
continuous  figures  of  the  many  works  with  which  they  are  con- 
nected ;  but  I  think  that  the  words  Mr.  Hunter,  of  the  Newcastle 
and  District  Company,  makes  use  of  in  his  communication  are 
most  significative.  Mr.  Hunter,  in  wishing  to  reduce  the  figure 
which  I  give  in  Table  VI.  of  310  imits  per  watt-hour  sold,  says 
that  the  calorific  value  of  the  Newcastle  slack  used  by  him  is  only 
one-half  that  of  Welsh  coal — ^that  is  to  say,  7,250  British  thermal 
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units — and  on  this  basis  he  corrects  or  reduces  my  figure  of  310  to  Mr. 
204  British  thermal  units.  Now  I  thoroughly  sympathise  with 
Mr,  Hunter  in  this.  I  know  that,  with  ordinary  boilers  and 
ordinary  care  in  stoking,  the  slack  that  he  uses  will  only 
evaporate  about  half  the  water  that  he  could  evaporate  with 
Welsh  coal;  but  from  my  own  experience  at  Chelmsford, 
where  I  have  been  using  precisely  similar  coal  to  that  he  uses, 
I  am  convinced  that  if  he  has  a  calorimeter  test  made  of  his  slack 
he  will  find  that  I  under-estimated  its  value,  and  that  it  contains 
from  12,500  up  to  14,000  British  thermal  units,  a  large  proportion 
of  these  being  in  the  hydrogen  form,  and  thus  extremely 
difficult  to  utilise ;  and  he  will  also  find  out  the  truth  of 
Mr.  Halpin's  remarks  on  the  extent  that  this  small  slack 
deteriorates  by  exposure  to  the  air.  I  do  not  think  that 
Professor  Unwin  has  any  right  to  say  that  the  use  of  Welsh  coal 
is  one  of  the  factors  of  my  formula.  I  pointed  out,  and  I  now 
re-affirm,  that  we  in  practice  find  out  that  it  is  easier  to  get  a  • 
good  result  with  Welsh  than  with  the  other  coals.  I  never  said 
that  it  was  impossible,  but  only  that  it  was  difficult,  to  get  good 
results  with  the  other  coals. 

We  now  come  to  the  vexed  question  of  fined  veraue  tubular 
boilers.  Some  speakers  will  have  it  that  it  is  Lancashire  versus 
Babcock,  but  it  is  not  so.  Here  my  friendly  critics  are  more 
numerous  than  the  adverse  ones.  I  fully  expected  to  call  a  storm 
down  on  my  head  when  I  raised  this  question,  but  I  raised  it 
advisedly,  after  carefully  watching  and  comparing  the  results  in 
works  using  the  two  types,  and  after  many  and  careful  tests  had 
been  made  by  me  personally.  It  is  unnecessary  for  me  to  refer 
individually  to  the  advocates  of  the  Lancashire  boiler.  Their  one 
cry  is  that  in  the  past  Lancashire  boilers  have  given  good  results 
as  steam  rdsers,  cmd  that  on  tests  they  have  shown  practically  as 
good  results  as  other  types ;  but  no  advocate  of  these  Lancashire 
boilers  has  attempted  to  explain  why  in  the  works  E,  N,  0,  and 
J  the  evaporation  is  so  low.  I  have  given  my  explanation.  I 
have  shown  that,  whereas  at  works  J  the  results  on  test  runs 
were  9  lbs.  of  water  evaporated  per  lb.  of  fuel,  the  year's 
accounts  show  that  only  5*2  lbs.  were  evaporated*     I  have  traced 
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Mr.  this  diflference  in  results  to  the  falling  oflf  in  evaporative  efficiency 

which  always  occurs  when  the  Lancashire  or  Cornish  type  of 
boiler  is  irregularly  fired,  as  it  always  must  be  when  used  in 
electrical  works,  and  to  the  further  difficulties  which  arise  with 
this  type  of  boiler  if  the  coal  varies  even  slightly  in  composition. 
I  have  shown  that  these  differences  can  be  reduced  by  the  use  of 
economisers — which  virtually  are  a  tubular  addition  or  extension  to 
the  Lancashire  boiler,  making  it  partly  a  tubular  boiler — and  that 
these  differences  do  not  exist  to  the  same  extent  when  tubular 
boilers  are  used,  whether  of  the  Babcock  type  or  of  the  internally 
fired  type,  such  as  the  "  Economic  **  or  marine ;  and  if  all  that  has 
been  said  in  the  discussion  is  carefully  read,  it  will  be  seen  that 
no  one  has  seriously  controverted  this  view. 

I  object  strongly  to  the  statements  made  in  the  course  of  the 
discussion,  and  in  the  leading  articles  in  the  technical  journals,  that 
I  hold  a  brief  for  the  Babcock  &  Wilcox  type  of  boiler.  This  is 
*  a  cheap  form  of  criticism,  which  happens  to  be  exceedingly  wide 
of  the  mark.  Three  years  ago,  when  discussing  the  best  type  of 
boiler  for  electrical  works,  I  thought  that  the  internally  fired 
boilers  ought  to  beat  the  Babcock,  or  any  externally  fired  type,  on 
account  of  reduced  losses  during  periods  of  banking  the  fires ; 
therefore  it  was  only  simple  justice  on  my  pait  that  I  should  state 
the  results  of  my  more  recent  experience  during  the  last  three 
years,  when  I  find  that,  after  fair  trials  of  all  types,  the  Babcock, 
which  is  an  externally  fired  boiler,  still  holds  its  own. 

Mr.  Rosenthal  has  very  fairly  defended  this  type  of  boiler 
from  the  attacks  made  upon  it  during  the  discussion.  So  many 
well-qualified  speakers  have  admitted  that  it  is  free  from  the 
defects  of  producing  wet  steam,  and  that  it  gives  good  evapora- 
tive results  in  supply  works,  that  the  only  important  point 
necessary  to  notice  is  how  this  class  of  boiler  stands  in  regard 
to  forced  firing.  I  believe  in  this  respect  it  is  the  best  of  all 
the  boilers  I  have  tried.  I  have,  for  the  reasons  given  by  Mr, 
Rosenthal,  and  which  I  consider  to  be  very  fair  ones,  never 
considered  the  question  of  heating  surface  in  regard  to  this 
boiler,  or,  in  fact,  of  any  other  boiler.  The  practical  question 
which  we  engineers  have  to  consider  is  not  the  one  of  heating 
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surface,   but    of   the    space  occupied,  and  of   the  evaporative  Mr. 

'^  '^  ,     Orompton. 

efficiency  of  a  boiler  which  at  certain  times  must  give  a  certain 
output.  When  tested  by  this  standard,  I  find  that  the  method 
of  preparing  a  figure  of  merit  advocated  by  Mr.  Halpin  is  not 
correct.  His  method  is  to  obtain  from  the  three  factors  of 
evaporative  efficiency,  pounds  of  water  evaporated  per  square 
foot  of  heating  surface,  and  cost  of  heating  surface,  a  figure 
which  he  shows  to  be  from  two  to  two  and  a  half  times 
greater  in  the  Lancashire  boiler  than  in  the  Babcock.  In 
reply  to  this,  I  have  prepared  during  the  last  six  years  a 
very  large  number  of  estimates  of  boiler  plant,  and  have  most 
carefully  considered  the  cost  per  thousand  gallons  per  hour 
which  can  be  evaporated  at  periods  of  maximum  load — that  is  to 
say,  when  the  fires  of  both  types  of  boiler  are  being  forced. 
I  find  that  under  such  conditions,  when  all  items  of  cost, 
exclusive  of  economisers,  are  added  in  in  both  cases,  at 
this  size  the  prices  of  the  two  types  of  boiler  are  practically 
identical,  but  that  the  evaporative  efficiency  when  Welsh  coals 
are  used  is  in  practice  at  least  25  per  cent,  in  feivour  of 
the  Babcock ;  and  when  we  add  to  this  that  the  Babcock  boiler 
occupies  just  about  half  the  floor  space,  and  that  it  is  far  easier  to 
deal  with,  there  is  little  wonder  that  those  who  have  had  experi- 
ence of  both  types  exhibit  the  preference  that  I  do.  Still,  as  I 
have  explained  above,  the  question  is  not  between  Lancashire  and 
Babcock,  but  between  flued  boilers  generally  and  tubular  or 
tubulous  boilers ;  and  I  do  not  oflfer  any  strong  opinion  on  the 
comparative  merits  of  these  two  last-named  types.  I  have  had 
as  good  results  from  one  type  as  the  other,  and  no  doubt  the 
choice  between  the  two  will  be  determined  in  each  case  by 
special  circumstances.  How  local  circumstances  affect  design  is 
very  well  shown  by  the  remarks  of  Messrs.  Burnett,  and  Peache, 
on  behalf  of  Messrs.  Paxman.  Both  gentlemen  are  makers  of 
what  I  have  called  the  semi-marine  type,  but  which  Messrs. 
Paxman  call  the  "Economic,"  and  Mr.  Burnett  the  "Dry- 
Back"  type.  Mr.  Paxman  makes  the  boiler  longer,  and 
smaller  in  diameter,  which  suits  the  Welsh  coals  we  find  in 
the   South  of  England;    whereas   Mr.  Burnett,  having  to  deal 
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Mj^  with  Scotch  coals,  prefers  a  large-diameter  short  boiler;  and 
both  types  are  giving  excellent  results. 

Mr.  de  Segundo  has  been  at  great  pains  to  show  that  my 
ideal  boiler  efficiency  is  an  impossible  one,  but  his  method  of  first 
deducting  the  principal  source  of  boiler  loss — i.c,  the  heat 
units  which  go  up  the  chimney — before  he  calculates  the  boiler 
efficiency,  is  very  unusual,  and  diflfiers  from  the  system  usually 
adopted.  Of  course,  under  such  circumstances,  when  the  one 
large  source  of  loss  has  been  eliminated,  the  boiler  efficiency 
can  show  exceedingly  high. 

The  figure  of  a  possible  12  lbs.  and  a  10  lbs.  working  evapora- 
tion adopted  by  me  is,  I  am  convinced,  not  an  impossible  one,  as 
so  many  authenticated  tests  show :  among  these,  I  will  point  not 
only  to  the  trials  made  by  Professor  Robinson  at  St.  Pancras 
with  the  Baboock  &  Wilcox,  Professor  Kennedy  at  Eccleston 
Place  with  an  ^^Economic,**  and  Professor  Kennedy  with  a  Thorny- 
croft  boiler,  which  in  each  case  show  an  evaporation  in  excess  of 
what  I  require,  but  to  the  well-authenticated  trials  made  by  the 
Royal  Agricultural  Society  of  England  at  CardiflF  and  Newcastle, 
and  to  the  60  extended  trials  quoted  by  Mr.  Halpin  with 
Lancashire  boilers. 

I  note  Mr.  McLaren's  preference  for  locomotive  boilers,  which 
is  hot  to  be  wondered  at,  as  he  has  obtained  such  high  results  in 
competitive  trials  when  these  boilers  are  used ;  but  Mr.  Halpin 
and  Mr.  Burnett  have  admitted  that  the  type  of  locomotive  boiler 
usually  now  built  is  a  very  awkward  one  to  deal  with  in  central 
stations;  and,  moreover,  I  think  Mr.  McLaren  would  not  find 
that  a  locomotive  boiler  comes  out  well  when  required  to  be 
of  the  large  sizes  we  generally  require  in  supply  works. 

Mr.  Geipel  seems  to  think  that  the  use  of  boiler  fluid 
should  be  discouraged,  and  that  it  is  an  unworkmanlike  method 
of  dealing  with  the  question  of  deposit;  that  where  water  is 
bad,  special  purifying  plant  should  be  used.  Here,  again,  it  is 
a  question  of  special  circumstances.  There  is  no  doubt  that 
where  the  water  is  beyond  a  certain  degree  of  hardness,  puri- 
fying plant  must  be  used;  but  there  are  many  cases,  such  as 
that  of  the  Thames  water  supplied  by  several  of  the  London 
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companies,  where  the  hardness  is  not  sufficient  to  warrant  the  Mr. 

Orompion. 

use  of  purifying  plant,  and  where  the  use  of  small  quantities  of 
boiler  fluid  at  the  proper  time  will  result  in  keeping  the  boiler 
absolutely  free  from  asij  deposit  whatever.  It  is  not  a  question  of 
allowing  the  deposit  to  form,  but  of  keeping  the  boiler  absolutely  > 
clean,  and  this  can  be  done,  and  is  done  in  praetice  in  the  best 
works. 

On  the  question  of  oil  fuel  Mr.  Henwood  is  evidently  an 
enthusiast,  and  I  should  be  very  pleased  to  see  the  rosy  figures 
named  by  him  realised  in  practice;  I  for  one  shall  be  well 
content  if  we  get  a  much  lower  duty  from  the  oil  than  that 
given  by  him.  The  great  obstacle  to  the  large  introduction  of 
oil  fuel  is  the  present  price  of  the  oil;  and  until  this  is  con- 
siderably reduced,  all  our  experiments  must  be  in  the  nature  of 
adopting  oil  for  periods  of  forcing  only.  So  far  as  experiments 
have  gone,  I  believe  that  with  the  Babcock  type  the  output  of 
boilers  under  conditions  of  forcing  will  be  nearly  doubled ;  and 
I  am  glad  to  say  that  even  under  these  circumstances  this  type 
of  boiler  still  produces  dry  steam. 

It  is  disappointing  to  see  that  the  question  of  economisers 
has  been  so  lightly  touched  on  in  the  discussion.  I  had  hoped 
to  hear  the  experience  of  gentlemen  who  are  large  users  of  this 
class  of  plant,  more  particularly  as  to  the  cost  of  the  upkeep 
of  this  extra  item  of  plant.  What  we  electrical  engineers  want 
to  know  is  the  cost  of  maintenance  of  economisers  exposed  to 
the  very  high  pressures  now  prevalent. 

On  the  subject  of  high-  vermis  low-speed  engines,  it  is  very  . 
evident  from  the  discussion  that  opinions  have  advanced  very 
rapidly  in  the  same  direction  as  my  own  ;  and  that,  whereas,  as  I 
have  stated,  in  my  paper  six  years  ago  I  was  almost  alone  in 
advocating  their  use,  now  the  great  majority  of  speakers  either 
admit  that  they  are  the  most  economical  and  convenient  form 
to  use  in  supply  works,  or  they  have  arrived  at  the  half-way 
stage  of  admitting  that  direct  driving  is  of  great  importance. 

I  challenge  the  correctness  of  the  remarks  of  Mr.  Wilmshurst 
when  he  says  that  in  the  most  modern  stations  rope  driving,- 
alternators,  and  Lancashire  boilers  have  been,  and  are  to  be,  used- 
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in  overwhelming  number8.  On  the  contrary,  there  has  been  a 
distinct  tendency  in  all  recent  specifications  to  do  away  with 
rope  driving.  A  notable  conversion  to  direct  driving  has  been 
Mr.  Raworth,  and  the  only  two  speakers  who  still  speak  lovingly 
of  the  long-stroke  horizontal  engine  are  Professor  Unwin  and  Mr. 
Gray.  I  think  both  these  gentlemen  have  been  influenced  by 
their  surroundings — that  is  to  say,  by  the  very  beautiful  steam 
plant  of  this  type  which  has  been  manufactured  of  late  years  on 
the  Continent.  The  eye  of  a  mechanical  engineer  is  taken  by 
the  design,  workmanship,  and  high  efficiency  shown  by  the 
engines  of  Van  der  Kirkhove,  Carels,  and  others ;  but  even  among 
these  famed  makers  a  feeling  in  favour  of  high-speed  engines  for 
electric  supply  works  has  already  set  in,  Messrs.  Van  der  Kirkhove 
being  the  first  on  the  Continent  to  take  up  the  manufietcture  of 
the  Willans  type  of  engines,  and  are  now  advocating  its  use  for 
such  works. 

I  have  already  taken  objection  to  Professor  Unwin  having 
fathered  on  me  a  formula  for  the  design  of  supply  works  plant* 
It  may  be  true  that  the  figures  which  I  have  collected  for 
purposes  of  comparison  show  that  certain  supply  works  containing 
that  class  of  plant  have  done  better  than  others,  but  nothing 
could  be  further  from  my  thoughts  than  to  suggest  a  hard-and- 
fast  formula  to  suit  all  cases.  Professor  Unwin  says  that  in  my 
paper  I  convey  the  idea  that  high  speed  of  rotation  is  the  one 
and  only  method  available  for  reducing  cylinder  condensation, 
and  that  I  have  neglected  the  other  methods — namely,  use  of 
jackets,  superheating,  and  expansion  by  stages.  With  great 
deference  to  Professor  Unwin's  high  standing  and  special  know- 
ledge on  this  subject,  I  must  point  out  to  him  that  here  he  is 
wrong — that  high  speed  of  rotation  is  not  a  method  alternative 
to  these  other  methods,  but  it  can  be  superadded  to  all  or  any 
one  of  them ;  and  that,  in  addition,  high  speed  of  rotation  offers 
us  great  advantages  by  reducing  the  size,  space  occupied,  weight, 
and  hence  the  cost,  of  both  the  engines  and  dynamos,  while  at  the 
some  time  it  increases  their  economic  efficiency ;  so  that  from 
all  points  of  view  it  is  the  most  satisfactory  modification  of  design 
which  the  special  requirements  of  electric  lighting  supply  works 
have  forced  upon  us. 


1894.]  DISCUSSION  556 

As  to  my  ideal  figures  of  steam  consumption,  I  have  already  Mr 
said  that  these  were  intentionally  pitched  high,  and  difficult  of 
attainment ;  but  Mr.  de  Segundo's  figures  are  evidently  too  much 
the  other  way.  It  is  no  use  to  compare  them  with  mine,  as  he 
deals  with  non-condensing,  whereas  mine  refer  to  condensing 
engines ;  so  that  his  best  possible  figure  of  4  lbs.  of  coal  per  unit 
sold  with  a  non-condensing  engine  cannot  be  compared  with  my 
2^  lbs.  with  a  condensing  engine ;  but  even  with  non-condensing 
engines  Mr.  Barley,  at  Knightsbridge,  and  Professor  Kennedy  in 
more  than  one  of  his  stations,  have  already  reached  a  point  below 
5  lbs.  in  some  of  the  winter  months,  and  at  Knightsbridge  3^  lbs» 
has  been  reached  during  test  runs  of  considerable  duration. 

I  have  now  to  deal  with  the  lengthy  criticisms  which  have  been 
made  on  Table  VI.  Several  small  errors  have  been  pointed  out, 
which  I  have  duly  corrected.  These  lie  chiefly  in  the  efficiency  of 
distribution,  and  consequently  alter  the  thermal  units  used  per 
unit  generated.  General  Webber  is  the  only  speaker  who  has 
impugned  its  accuracy  as  a  whole,  on  the  grounds  that  he  is  able 
to  state  from  personal  knowledge  that  the  Chelsea  Company,  of 
which  he  is  a  director,  refused  to  supply  the  im  formation  requisite 
to  correct  and  supplement  the  published  figures.  It  is  true  that 
this  refusal  caused  an  error  in  the  distribution  efficiency  of  the 
Chelsea  Company,  which  I  have  already  admitted,  but  it  was 
the  only  refusal  that  I  received.  It  did  not  cause  me  to  draw  any 
false  conclusions,  as  I  did  not  use  the  Chelsea  figures  in  my 
averages,  and  I  have  based  no  arguments  on  them.  It  is,  how- 
ever, evident,  as  the  order  of  merit  in  this  table  is  based  on 
colunm  4— that  is,  the  B.T.U.  i)er  watt-hour  sold — that  the  Chelsea 
Company,  costing  llld.,  and  using  142  B.T.U.,  occupies  a  figure 
of  merit  somewhat  higher  than  that  of  the  Charing  Cross  and 
below  that  of  the  St.  James  and  Pall  Mall  Company,  which 
is  a  high  position,  on  which  Mr.  King  and  his  staff  are  to  be 
congratulated. 

I  hope  Mr.  McLean  does  not  think  I  intended  to  throw  doubt 
on  the  Oxford  figures.  On  the  contrary,  when  I  said  that  they 
appeared  almost  too  good  to  be  true,  I  certainly  intended  to  con- 
gratulate him  on  the  splendid  results  obtained  in  such  a  short 
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time  after  the  starting  of  this  station.  I  indeed  consider  them 
very  encouraging  to  those  who,  like  myself,  think  that  the  Oxford 
system  is  in  many  respects  a  more  satisfactory  method  of  dealing 
with  the  supply  of  scattered. districts  than  the  ordinary  converted 
alternating  system.  Again,  I  thoroughly  agree  with  this  speaker 
as  to  the  advantages  of  keeping  records  in  very  full  detafl  j  but  he 
quite  misunderstood  my  remarks  on  the  distribution  efficiency 
obtained  at  Chelmsford.  I  pointed  out  that,  although  the 
eflSciency  shown  was  high,  it  was  not  fair  for  us  to  take  credit  for 
it  when  compared  with  companies  who.  supply  throughout  the  24 
hours,  as  we  gain  considerably  in  eflSciency  from  switching  off  the 
energy  during  a  part  of  the  daylight  hours. 

I  am  glad  to  find  that  Mr.  Dykes  hais  been  able  to  so  satisfac- 
torily explain  the  Preston  figures.  At  the  time  I  worked  out  these 
figures  for  my  table  I  felt  sure  that  some  such  explanation  would 
be  forthcoming.  His  explanation  shows  clearly  that  a  direct 
system,  if  used  without  accumulators,  loses  many  of  its  economical 
advantages. 

I  value  Mr.  Holmes's  remarks  very  highly  indeed.  He  has 
had  the  longest  experience  of  central  station  supply  of  any  one  of 
us,  and  has  been  so  uniformly  successful  in  his  results  that  I 
am  glad  that  his  own  calculations  corroborate  so  closely  my  own 
ideal  figures.  He  is,  no  doubt,  right  in  attributing  his  rather 
heavy  coal  bill  to  the  peculiar  circumstances  of  last  year's  working, 
which,  owing  to  the  opening  of  new  stations,  led  to  light  loading 
of  his  engines  ;  but  I  stijl  think  that  he  has  suffered  more  than 
he  will  admit  from  the  diflBculties  I  have  dwelt  on  in  my  paper  in 
efficiently  burning  slack  coal  in  the  Lancashire  boilerp. 

I  am  afraid  I  cannot  enter  at  any  length  on  Mr.  Wilmshurst's 
communicated  criticism,  further  than  to  say  that  he  is  mistaken 
in  thinking  that  Table  VI,  does  not  allow  us  to  draw  useful 
comparisons.  Take  the  case  of  the  works  D,  belonging  to  the 
House-to-House  Company,  on  the  one  side,  and  compare  their  costs 
with  those  of  works  K,  U,  and  W.  All  of  these  four  works  supply 
a  residential  district  of  the  West  End  of  London,  and  the 
conditions  as  regards  compactness  of  supply  are  very  similar 
throughout ;  yet  we  find  that  works  D  use  fuel  in  the  proportion 
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of  265  to  works  K  142,  to  works  U  116,  and  to  works  ^184.^^^^^ 
Surely  such  great  diflferences  (which  in  these  four  cases  have  been 
taken  very  accurately  indeed)  are  instructive  as  to  the  relative 
economical  value  of  the  systems  used ;  and  we  may  carry  the 
comparison  a  step  further,  and  point  out  that  this  is  a  case  where 
the  smaller  first  cost  of  the  works  D,  on  account  of  the  reduced 
cost  of  their  mains,  ought  to  have  led  them  to  compare  fevourably 
from  the  point  of  view  of  dividend-paying  with  the  other  three 
works,  whereas  the  working  costs  of  D  have  been  so  high  as  not 
to  permit  of  this. 

Again,  Mr.  Wilmshurst's  conclusions  as  to  Lancashire  boilers 
are  in  direct  contradiction  of  the  data  obtainable  from  Tables  III. 
and  VI. — so  much  so,  that  I  cannot  think  he  has  ever  studied  these 
tables,  or  attempted  to  check  their  accuracy  with  the  recorded 
figures  that  he  mentions. 

I  am  glad  that  Professor  Kennedy  and  other  speakers  agree 
with  me  as  to  the  great  importance  of  studying  and  tabulating  all 
the  sources  of  loss  which  he  has  called  "  obscure  works  losses." 
These,  which  are  common  to  all  systems,  have  been  very  generally 
under-estimated,  and  hence  have  been  neglected,  and  have  gone 
on  from  year  to  year  imchecked,  and  I  hope  that  my  paper  may 
have  done  real  service  in  calling  attention  to  their  importance. 

Coming  to  the  question  of  losses  in  the  distribution,  or  effi- 
ciency of  distribution,  several  speakers  have  raised  this  point, 
and  the  admirers  of  the  converted  alternating  system  of  distri- 
bution have  been  anxious  tosho^that  the  heavy  losses  in  the 
first  group  of  Table  VI.  are  exceptional,  and  that  the  82  per  cent, 
efficiency  of  the  City  of  I^ondon  Company  is  what  we  are  to 
expect  in  the  future  from  improved  converted  alternating  supply. 
I  hope  this  may  be  so,  but  I  am  convinced  that  up  to  the  present 
time  the  average  distribution  efficiency  of  66  per  cent,  shown  on 
Table  VI.  has  been  the  rule  and  not  the  exception ;  and  it  remains 
to  be  seen  whether  the  attempts  to  better  this  figure  by 
employing  extra  plant  and  staff  to  switch  transformers  in  and 
out  of  circuit,  may  not  result  in  such  an  increase  in  the  wages^ 
of  staff  as  will  counterbalance  the  gain  in  efficiency,— and  this- 
will  be  especially  the  case  in  smaller  works  serving  scattered 
suburban  districts. 
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I  take  this  opportunity  of  saying  that  my  own  personal  con- 
version to  the  advantages  of  alternating  distribution,  which 
Messrs.  Baworth,  Geipel,  and  others  so  obligingly  state  has 
already  taken  place,  must  be  deferred  until  I  have  had  better 
evidence  than  exists  at  present  as  to  the  possibilities  of  reducing 
the  working  costs  of  the  alternating  system.  This  evidence  is  not 
yet  forthcoming.  The  accounts  of  the  two  companies  at  New- 
castle, Bournemouth,  the  House-to-House  Company,  and  even 
the  City  of  London,  are  very,  very  far  from  showing  any  such 
marked  improvement  as  might  lead  me  to  be  so  converted  to 
the  converted  alternating  system,  or  to  ignore  the  converting 
losses. 

The  published  accounts  of  Continental  and  American  supply 
works,  and  the.  reports  and  conclusions  based  on  these  accoimts 
by  Continental  engineers,  show  that  the  majority  of  these  gentle- 
men hold  opinions  very  similar  to  my  own,  but  I  specially 
refrained  from  dragging  the  question  into  the  discussion.  This 
weighty  question  can  now  only  be  settled  by  results.  Time 
will  "show  who  is  right,  and  it  is  only  wasting  the  time  of 
this  Institution  to  prolong  arguments  on  a  matter  like  this, 
which  at  present  can  be  only  one  of  opinion.  It  is  for  this 
reason  that  I  did  not  mention  in  my  paper  the  question  of 
saving  by  use  of  accumulators ;  although  the  above-mentioned 
Continental  engineers  have  quite  recently  shown  that  the  best 
results  on  the  Continent,  as  in  England,  have  been  obtained 
from  stations  where  accumulators  are  used  to  a  judicious  extent. 
At  the  same  time,  I  thank  Mr.  Shoolbred  for  showing  this  so 
clearly  in  the  case  of  the  Bradford  works. 

Similarly,  on  the  question  of  maintenance,  Mr.  Gray  has 
raised  a  very  interesting  question,  which,  however,  deserves  a 
paper  entirely  to  itself — that  is,  the  comparative  maintenance  cost 
of  diflferent  systems  of  underground  conductors.  The  subject  is 
far  too  important,  and  involves  such  large  issues  that  I  only 
touched  upon  it  as  far  as  to  give  you  our  own  actual  figures  for 
the  Kensington  and  Knightsbridge  Company.  Mr.  Gray,  how- 
ever, quotes  figures  to  show  that  the  continuously  insulated 
cables  belonging  to  the  Metropolitan   Company  cost  even  less 
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for  maintenance  than  the  system  of  the  Kensington  and  Knights-  Mr. 
bridge  Company,  which  is  three-quarters  of  it  bare  copper  in 
culverts.  Although  I  willingly  testify  to  the  extremely  high 
quality  of  Mr.  Gray's  cables,  yet  I  do  not  think  that  the  case  he 
brings  forward  is  a  fair  one  to  quote,  as  the  peculiar  system 
adopted  by  the  Metropolitan  Company,  and  which  is  not  likely 
to  be  repeated  elsewhere,  happens  to  be  one  which  does  not 
expose  these  continuously  insulated  conductors  to  the  peculiar 
source  of  wear  or  decay  which  is  generally  found.  I  allude  to 
the  point  of  weakness  which  occurs  at  the  points  where  the 
insulation  of  the  cable  is  cut  into  to  form  a  T  joint  for  the 
attachment  of  a  customer  to  the  mains.  A  company  such  as  the 
Kensington  and  Knightsbridge  Company  has  at  present  about 
2,000.  such  T  joints  on  its  system  ;  and  we  find  that,  whereas  all 
T  joints  of  continuously  insulated  cables  require  some  attention 
and  give  some  trouble,  the  same  T  joints  on  bare  copper  give  no 
trouble  whatever;  and  I  should  mention  that  the, major  portion 
of  the  cost  of  upkeep  of  the  Kensington  and  Knightsbridge 
system  as  given  by  me  in  my  paper  is  expended  on  the  main- 
tenance of  the  T  joints  of  the  continuously  insulated  portion  of 
that  system. 

I  hope  Mr.  Schonheyder  will  understand  that  I  had  no 
intention  of  adversely  criticising  his  water  meter,  which  I  use  so 
largely  in  boiler  trials,  when  I  said  that  it  is  advisable  to 
frequently  recalibrate  it ;  the  reason  is  that,  although  Mr. 
Schonheyder's  meter  is  one  of  the  best  I  know,  yet,  as  in  order 
to  eliminate  errors  due  to  leakage  as  much  as  possible  the  meters 
used  on  these  trials  must  be  placed  at  a  point  on  the  line  of 
pipes  as  near  the  boiler  as  possible,  it  has  therefore  to  pass  hot 
water  through  it,  so  that  there  is  a  constant  liability  of  cutting 
and  friction  from  gritty  deposit. 

I  have  to  thank  Mr.  Hammond  for  his  appreciation  of  the 
objects  of  my  paper;  he  has  himself  done  good  service  in  the 
preparation  and  publishing  of  statistics,  so  that  he  is  in  a  position 
to  sympathise  with  anyone  who,  like  myself,  has  to  face  the 
difficulties  of  getting  data  together.  But  I  am  glad  to  say  that 
in  some  works  the  data  are  already  in  such  good  order  that  it  was 
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an  easy  task  to  obtain  what  I  wanted  from  them ;  in  other  cases 
it  was  far  more  difficult ;  and  yet  it  was  quite  impossible  tx>  take 
a  bird's-eye  view  of  the  situation^  so  that  I  could  get  on  with  the 
paper,  until  I  had  got  the  figures  for  the  Tables  HI.,  VI.,  and 
VII.  in  e  rough  form.  This  task,  simple  as  it  now  seems,  was  a 
work  entailing  much  labour  and  correspondence.  Although  a  few 
errors  may  still  exist  in  these  tables,  no  one  has  brought  forward 
evidence  to  show  that  these  exist  to  a  sufficient  extent  to  detract 
from  their  value  as  a  means  of  comparing  the  present  economic 
efficiency  of  the  electrical  works  that  were  in  operation  at  the 
commencement  of  this  year. 

The  President  :  After  the  marked  expression  of  your  appre- 
ciation of  Mr.  Crompton's  very  interesting  and  valuable  paper, 
it  seems  unnecessary  to  ask  from  you  a  formal  vote  of  thanks 
to  him.  But  I  desire  to  express  my  personal  regret  at  having 
been  unable  to  be  present  either  when  the  paper  was  read  or  at 
the  last  meeting,  when  the  discussion  upon  it  was  commenced. 

I  have  to  inform  you  that  Mr.  H.  D.  Wilkinson,  Member, 
who  was  the  engineer  in  charge  of  the  British  section  of  the 
Machinery,  Mining,  and  Electrical  Department  at  the  Chicago 
Exhibition  last  year,  has  written  a  paper  entitled  **  Notes  on  the 
*'  Electrical  Tramway  System  of  the  United  States  and  Canada," 
which  it  was  the  intention  of  the  Council  should  be  read  this 
session ;  but  the  interesting  discussion  on  Mr.  Crompton's  paper 
has  precluded  this ;  and  it  has  been  arranged,  therefore,  to  have 
Mr.  Wilkinson's  paper  printed  in  the  Journal,  and  he  will  read 
early  next  session  a  short  supplementary  communication,  which 
will  be  discussed  together  with  the  original  paper. 

I  have  to  aBuounce  that  the  following  candidates  have  been 
duly  elected : — 

Foreign  Member : 
W.  P.  S.  Jansen. 


Member: 
Nathaniel  Shepard  Keith. 


1891.] 


ELECTIONS. 


561 


Arthur  Barrett. 
Ellis  H.  Crapper. 
C.  Howard  Doughty. 
Walter  Eccles. 
Herbert  F.  Foster. 
Charles  J,  Garnett. 


Percy  Rhodes  Cobb. 
Alfred  Howard  Gossage. 
Albert  E.  Makovski. 
Arthur  Oliphant. 
Alfred  Lovell  PhUlips. 


A8$ociat68 : 

George  A.  Goodwin. 
Thomas  Harden. 
Percy  Huddleston. 
G.  C.  F.  Sz^kAcs. 
Herbert  Alfred  A.  Wood. 

Students  : 

Basil  J.  Bos^. 
Charles  Stirling. 
Howard  Stanley  West. 
Leopold  A,  S.  Wood. 


The  meeting  then  adjourned. 
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NOTES  ON  ELECTRIC  TRAMWAYS   IN  THE   UNITED 
STATES  AND  CANADA. 

By  H.  D.  Wilkinson,  Member.* 

Mr 

wiiidnwn.  During  the  period  of  the  Chicago  Exposition  last  year  I  had 

opportunities  of  looking  into  systems  of  street  traction  in  that 
city,  and  of  discussing  points  of  immediate  interest  with  engineers 
from  diflferent  cities  whom  it  was  my  privilege  to  meet. 

For  several  weeks  previous  to  the  opening  of  the  Exposition 
the  scene  for  miles  round  was  one  of  the  greatest  activity  in  the 
construction  of  street  tramways,  centi*ing  from  all  districts  on 
the  south  side,  and  forming  connections  from  the  city  main 
cable  car  lines.  The  continuation  of  the  elevated  steam  road  to 
the  Exposition  along  Sixty-fourth  Street  was  also  a  smart  piece 
of  work,  including  the  erection  of  six  stations  and  a  pin-connected 
truss  bridge  across  the  Illinois  Central  Railroad  track  without 
obstructing  traffic.  Immediately  this  line  was  finished  trolley 
wires  were  strung  underneath  the  girders,  and  the  previous 
horse  car  lines,  which  had  grown  totally  inadequate  to  the  traffic, 
were  converted  into  electric  lines.  The  motor  cars  were  rarely 
without  trailers,  and  in  the  busiest  times  of  the  day  two,  and 
sometimes  three,  fully  loaded  passenger  cars  were  hauled.  The 
term  "  fully  loaded,"  when  applied  to  cars  in  America,  most  be 
understood  in  its  most  literal  sense.  Besides  all  standing  and 
sitting  room  being  taken  up  inside,  the  drivers'  and  conductors' 
platforms  are  closely  packed,  and  people  cling  to  the  outsides 
wherever  there  is  the  smallest  foothold.  More  than  this,  I  have 
seen  cars  on  busy  days  with  people  sitting  on  the  window  ledges 
and  climbing  on  the  roof,  and  the  back  end  of  the  car  framework 
weighted  out  of  shape  and  scraping  the  ground.  After  seeing 
one  motor  car  hauling  two  or  three  trailers,  with  250  people,  at 
the  rate  of  10  miles  an  hour,  on  roads  with  no  drainage  and 
covered  with  mud,  I  was  convinced  that  the  practice  of  putting 

*  ThiB  paper  will  be  discuflsed  at  one  of  the  first  meetings  after  the  recees. 
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two  25-  or   SO-horse  motors  on  one  car — which  would  otherwise  Mr. 

WUkinsoD. 

Reem  a  waste  of  material  and  ix)wer— was  not  unreasonable.  The 
full  power  is,  of  course,  not  always  wanted,  and  can  be  regulated 
by  the  controller  to  suit  the  traflSc ;  but  it  is  most  important  to 
have  motors  that  will  stand  extra  heavy  work  when  required  and 
need  no  attention.  During  the  year  the  number  of  passengers  ^ 
on  all  lines  in  Chicago  was  about  288  millions,  or  an  increase  of 
55  millions  over  the  previous  year. 

The  general  type  of  construction  in  wide  thoroughfares  is 
with  poles  planted  in  the  centre  of  the  road  between  the  double 
track,  carrying  iron  brackets  for  the  support  of  trolley  and  feeder 
wires,  and  the  general  appearance  is  far  from  unsightly.  This  is 
specially  the  case  when  every  other  post  supports  an  arc  lamp 
or  cluster  of  incandescents  and  the  brackets  are  ornamental. 
Span  wires  are  only  necessary  at  curves  and  in  narrow  thorough- 
Cares.  The  entire  track  construction,  including  rails  and  wires, 
costs  about  £1,400  per  mile,  and  the  car  bodies,  with  motor 
trucks  complete,  cost  about  £800  per  car.  For  a  line,  say,  of 
5  miles  of  track,  with  15  cars,  the  power  station,  including 
building  and  machinery,  would  cost  about  £5,000,  and  real  estate 
and  car  bams  about  £3,000,— bringing  the  total  cost  of  equipment 
to  £27,000.  The  revenue  per  oa-r  mile  was  fix)m  20  to  30  cents, 
and  the  total  running  expenses  14  to  16  cents,  or  on  the  average 
about  60  per  cent,  of  revenue. 

The  very  energetic  body  of  the  American  Street  Railway 
•  Association  is  thoroughly  representative,  and  its  members,  who 
are  all  engaged  in  tramway  work,  think  nothing  of  travelling  1,000 
miles  to  be  present  at  their  annual  conventions.  At  these  gather- 
ings, which  occupy  three  or  four  days,  original  papers  and  reports 
of  investigations  consigned  to  committees  at  the  previous  meeting 
are  read  and  discussed.  An  exhibition  of  manu&cturers'  supplies 
is  also  held  at  the  same  time,  and  new  electric  cars  of  all  kinds  are 
put  on  the  town  lines  and  run  •  on  regular  service.  Members 
practically  own  the  town  during  their  stay ;  the  largest  hotels  are 
full,  rooms  being  taken  by  representatives  of  different  concerns  as 
temporary  offices.  The  various  companies  and  firms  in  the  town 
send  in  invitations  to  visit  jwwer  houses  and  works,  books  of  tram 
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Mr.  tickets  are  distributed  gratis,  and  the  telephone  companies  place 

their  line&  at  the  disposal  of  members.  Time  will  not  allow  me 
to  do  more  than  refer  to  the  very  pleasant  participation  I  enjoyed 
in  the  last  convention  at  Milwaukee,  Wisconsin.  The  papers  read 
have  appeared  in  our  own  technical  Press,  and  are  consequently 
well  known.  The  supplies  comprised  car  bodies,  trucks,  motors, 
controllers,  fiises  and  heaters,  track  scrapers  and  sprinklers,  steel 
rails,  points  and  crossings,  compressed  mica,  and  on^erhead  line 
gear  of  all  descriptions ;  everything  that  could  be  put  in  motion 
being  supplied  with  electric  current.  Each  member  received  a 
small  choice  souvenir  of  his  visit,  the  gift  of  the  newly  elected 
president,  Mr.  Henry  Paine. 

I  now  pass  on  to  some  of  the  questions  which  are  absorbing 
attention,  and  to  describe  what  I  saw  of  the  working  of  different 
systems. 

The  directions  in  which  improvements  are  sought  comprise 
chiefly— 

,   (I)  Better  construction  of  road  beds  and  tracks ; 

(2)  Better  provision  for  the  return  circuit ; 

(3)  More  uniform  distribution  of  potential  along  the  route. 
Further,  in  the  power  house,  the  chief  questions  are  in  the 

driving,  governing,  and  safety  devices,  the  best  proportion  of 
power  between  engine  and  generator,  and  the  problem  of  fly-wheel 
inertia. 

/Qeyond  these  there  are  the  questions  of  practical  and  economic 
systems  of  delivering  energy  to  cars  in  cities  and  crowded  portions 
of  towns,  such  as  by  the  storage  battery  or  underground  conduit ; 
and  for  long-distance  transit  the  use  of  synchronous  or  of  two«  or 
three-phase  motors  with  transmission  of  current  by  undergrQund 
feeders  at.  high  tension. 

Some  of  these  questions  have  given  rise  to  much  discussion  in 
Ameripa,  and  most  of  them  have  more  or  less  a  bearing  upon  the 
development  of  electric  traction  in  our  own  country.  It  appeared 
to  me,  therefore,  that  I  could  in  some  measure  further  the 
progress  of  the  industry  in  this  country  by  making  such  observa- 
tions and  inquiries  on  the  present  working  of  tramways  in  the 
States  and  Canada  as  affected  the  imimediate  future ;  and  I  looked 
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forward   on  my  return,  to  the  duty  as  well  as  the  pleasure,  of  ^^j^^^^^^^^ 
bringing  the  results  of  these  investigations  before  the  members  of 
this  Institution. 

.  During  the  summer  of  last  year  I  visited  the  cities  of  Detroit 
arid  Milwaukee,  and  in  November — on  the  completion  of  my 
official  duties  at  the  Exposition — the  cities  of  Toronto,  Montreal, 
Buffiklo,  Cleveland,  CSncinnati,  Pittsburg,  Washington,  and 
Kiiladelphia ;.  making  also  a  complete  examination  of  the 
de^tric  railroad  recently  erected  on  the  Canadian  side  of  the  Fails. 
From  the  officials  of  the  various  companies  whose  lines  and  plant 
I  investigated  I  met  with  the  greatest  courtesy  and  cordiality, 
and  the  e:q)res8ed  wish,  not  only  on  the  occasion  of  my  visit,  but  at 
any  future  time,  to  furnish  such  information  as  might  be  desired. 

With  regard  to  road  bed  and  track  construction  there  is  not 
much  to  be  said,  as  the  general  conditions  in  America  differ 
considerably  {h)]!n  those  in  our  own  country.  In  many  cities,  and 
especially  in  the  suburbs  of  large  western  cities,  the  mils  are 
allowed  to  project  above  the  road  bed  1  or  2  inches,  making 
very  rough  travel  for  other  vehicles.  In  fact,  the  iron  road  is 
counted  of  the  first  importance  in  inducing  people  to  live  further 
out  of  town  and  build  on  the  prairie,  while  the  road  for  the  use  of 
ordinary  vehicles  is  of  only  secondary  consideration.  After  a  few 
years,  as  property  goes  up  in  the  district,  a  better  foundation  is 
put  in,  and  the  roads  are  levelled  up  to  the  metals  by  paving 
blocks  or  glazed  bricks.  Whole  suburbs  spring  into  existence  in 
the  wake  of  the  electric  tramway.  Enter{Nri8e  in  promoting 
schemes  is  chiefly  due  to  estate  holders  seeking  to  raise  the  value 
o£  their  property,  iuod  it  is  remarkaUe  that  municipal  coiporations 
have  given  away  important  concessions  for  very  trifling  sums. 
These  concessions  after  a  few.  years  generally  become  very 
valuable^  and  bring  a  good  return  to  those  who  have  sunk  capital 
anii  taken'  risk ; .  but  it  is  now  becoming  more  usual  £6r  eorporations 
tolM^4d»ad.and  put  in  clauses  that  shall  let  some  percentage  of- 
the'profitsc<Mhe  infor  the  improvement  of  the  streets. 

'  Practice  in  the  western  cities  of  America  is  chiefly  with  T>  fl«t, 
or^step  rails,  spiked  down  to  wooden  cross-ties  or  sleepers ;  but  on 
tbe  best  lines  and  in  most  eastern  cities  the  channelled  girder  rail 
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Mr.  as  U8ed  in  England  has  been  adopted,   on   account  of  smoother 

travel,  less  noise,  and  a  flush  road  snr&ce.  The  English  construc- 
tion of  concrete  foundation  has  been  followed  on  some  lines,  using 
a  9-inch  or  10-inch  girder  rail.  The  tendency  now  in  the  States 
is  to  put  in  very  heavy  girder  rails  (90  or  100  lbs.),  spiked  to 
wooden  sleepers  placed  at  about  2  feet  centres,  which  allows  a 
good  deal  of  spring  in  the  track,  and  tends  to  loosen  the  bond 
contacts.  Some  72-lb.  channel  girder  rails  I  saw  in  progress  of 
laying  had  grooves  1  ^  inches  wide  by  1  inch  deep.  The  height 
and  base  both  measured  6  inches.  There  was  first  an  8-inch 
foundation  of  concrete,  upon  which  the  sleepers  (6  inches  by 
8  inches)  were  laid  at  2  feet  3  inches  centres,  and  then  grouted  in. 
Sand  was  then  tamped  round  the  base  of  the  rails  to  the  depth  of 
2  inches,  upon  which  the  paving  blocks  were  laid.  The  points  and 
special  work  were  of  east  steel.  * 

The  question  of  returning  the  current  direct  to  the  power 
house  with  as  little  leakage  and  loss  in  voltage  as  possible,  is  one 
of  the  most  important  in  street  railway  problems.  Excluding  for 
the  moment  insulated  returns,  the  paths  open  for  the  return 
current  from  the  cars  to  the  power  house  are — 

(1)  By  the  rails  and  return  feeders ; 

(2)  By  supplementary  wires ; 

(3)  By  the  earth  ; 

(4)  By  metallic  pipes  and  cables  laid  in  the  earth. 

The  return  feeders  include  not  only  those  cables  connecting 
the  nearest  point  on  the  rails  to  the  generators  in  the  power 
house,  but  cables  brought  in  from  more  distant  points  of  the  line, 
as  the  configuration  of  the  same  and  the  load  may  require.  In 
this  matter  .everything  depends  on  the  }K)sition  of  the  power 
house  with  regard  to  the  route  of  the  line.  The  primary  object 
in  their  use  is  to  lessen  the  voltage  losses  at  the  distant  portions 
of  the  line;  but  in  some  districts  their  use  has  been  largely 
extended,  in  order  to  prevent  electrolytic  eflFects  on  gas  and  water 
pipes.  The  remedy  for  the  latter  is  clearly  to  provide  a  metallic 
return  of  ample  conductivity,  and  while  on  modem  lines  im- 
proved bonding  has  done  much  to  effect  this,  the  addition  of 
return    feeders  has  had   the   desired   effect   in   older  and  badly 
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bonded  lines.  In  Cleveland,  Ohio,  for  instance,  I  found  a  very  fjj.  . 
extended  use  of  return  feeders,  and  I  was  informed  by  Mr. 
Charles  W.  Wason,  vice-president  and  electrical  engineer  of  the 
East  Cleveland  Railway  Company,  that  he  had  resorted  to  their  use 
entirely  on  account  of  electrolytic  troubles  with  the  water 
pipes  of  the  city,  with  the  result  that  the  action  ceased,  and, 
in  addition,  about  25  per  cent,  of  the  voltage  was  saved.  Some 
idea  of  the.  advantage  of  a  saving  in  volts,  apart  from  the 
consideration  of  speed  of  cars,  can  be  gained  from  the  Cetct  that 
the  current  reached  3,000  amperes,  and  that  for,  say,  50  volts 
lost  on  the  line  every  1,000  amperes  means  a  continuous  loss  of 
70  horse-power.  The  return  feeders  in  this  city  are  carried 
overhead,  and  are  connected  by  riveted  joints  to  the  rails  at 
about  every  500  feet.  In  BuflFalo,  also,  I  observed  an  extensive 
use  of  return  feeders,  carried  underground  with  the  outgoing 
feeders  within  the  city  limits,  but  overhead  further  out. 

Coming  now  to  bonding,  I  have  seen  many  different  specimens 
of  this  work,  and  have  some  samples  here  to-night  for  the  members' 
examination.     One  form  of  bond  joint  (Fig.  1)  consists  of  a  steel 
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Fio.  1.— Bonding  Nipple. 


nipple  bored  to  fit  the  bond  wire,  and  tapered  and  slotted  at  one 
end.  This  screws  into  the  rail,  and  the  nut  screwed  up  tightens 
the  wire  in  the  nipple,  and  the  nipple  in  the  rail.  This  was 
introduced  by  Messrs.  Stem  &  Silverman,  of  Philadelphia,  and  is 
used  on  the  lines  of  the  Electric  Traction  Company  of  that  cityt 
the  bond  wires  being  passed  two  or  three  times  through  the  rail 
outside  the  fish-plates  to  obtain  the  necessary  conductivity. 

There  are  still  many  very  imperfect  bonds  in  use,  such,  for 
instance,  as  that  with  copper  or  iron  rivets  and  soldered  bond  wire 
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Siiwiwoo.    (^%'  ^)>  ^^  which  I  have  a  specimen  here.     In  heading  the  rivet 
the  soldered  joint  is  frequently  loosened  ami  the  bond  rendered  j 
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Fia.  2. —Rivet  and  Soldered  Bond  Wire. 


useless.      The  channel  pin   bond  (Fig.  3),  of  which   I  have  a 
specimen-  here,  is  in  very  extensive  use;  but  a  great  defect  in 
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Fio.  8.— Channel  Pin. 


this  device  is  that  it  cannot  be  riveted  or  made  to  completely  fill 
the  hole,  and  corrosion  takes  place  in  the  interstice.  The  channel 
pin  is  used  for  the  double  bonds  on  the  Lynn  and  Boston  line,  as 
shown  in  the  illustration  (Fig.  4.).     Another  bond  is  the  taper 
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Fig.  4. 


spring  steel  cap  (Fig.  5),  which  is  fitted  on  the  end  of  the  wire 
and  driven  into  a  hole  in  the  web  of  the  rail  slightly  less  than  its 
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Fig.  6. — ^Taper  Spring  Cap. 

own  external  diameter.  A  similar  bush  joint,  but  formed  as  a 
sleeve  or  socket,  has  been  in  use  some  time  on  double  bonds,  as  in 
illustration,  and  promises  well  (Fig.  6),  A  considerable  improve- 
ment  consists   in   making   the    bond    wire    in    one   piece,   with 
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Fig.  6.^Spllt  Steel  Sleeve  Bond. 

shoulders  for  riveting   formed   at   each   end   on   the  wire  itself. 
This  device  (shown  in  Fig.  7)  is  due  to  Mr.  McTighe,  of  New  York, 
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Fio.  7. — Bond  Wire  with  Shoulder  Hiveted  in  one  piece. 

and  has  been  v^y  largely  used.  The  advantages  of  this  plan 
are^  that  clean,  water-tight,  and  air-tight  solid  metallic  joints  ure- 
obtained,  and  that  the  bonds  can, be  made  of  any  aize  wire. 
Mr.  McTighe  prefers  to  use  these  in  short  lengths  of  12anches 
inside  the  fish-plates  instead  of  the  Uimal  length  of  30  dnehies, 
thus  saving  40  to  50  per  cent,  in  bond  resistance.  The  short 
bond  cannot  be  fixed  to  the  web  of  the  rail  on  account  of  the 
ti8h**plates,  but  is  either  attached  to  the  tread  or  the  bese^  the 
latter  being  the  better  point  of  attachment,  as  the  bonds  are 
soon  worn  away  when  on  the  treafl.  This  bond,  however,  sooner 
or  later  becomes  loose,  owing  to  the  difference  in  the  coeffioieut 
of  expansion  of  copper  and  steel,  and  this  being  followed  by 
galvanic  action,  the  resistance,  which  at  first  is  slight,  rapidly 
increases  at  the  joint.  Some  provision  by  which  solder  could  be 
run  in  might  add  to  the  certainty  of  this  joint,  the  ductility  of 
the  solder  taking  up  the  unequal  expansion  and  contraction. 

Some  of  the  older  hues  in  the  States,  laid  before  the  value  of 
good  bonding  was  appreciated,  show  an  enormous  loss  of  voltage 
fi'om  this  cause.  I  was  informed  that  on  an  old  line  in  Richmond, 
Virginia,  the  bonding  was  done  by  No.  6  iron  wires,  and  the, 
same  bonds  used  for  a  recent  extension  of  2\  miles,  with  the  result 
that  of  500  volts  put  into  the  hue  not  more  than  210  appeared  at. 
the  distant  end.     The  matter  was  investigated  in  consequence  of 
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bad  working,  and  good  copper  bonds  substituted  for  the  iron  wire, 
with  the  result  that  the  loss  was  reduced  to  5  per  cent. 

Bond  wires  are  subject  to  corrosion  hy  electrolytic  action, 
especially  in  alkali  soils.  The  wires  consequently  become  thinner 
and  conduct  badly,  and  some  of  the  current  is  shunted  round  the 
joint  to  earth,  thus  increasing  the  corrosion.  Again,  when  the 
wires  get  very  thin  they  become  heated,  and  fuse,  thus  throwing 
extra  load  on  other  feeders.  I  was  informed  that  the  action  was 
prevented  by  painting  the  wires,  or  coating  them  with  shellac  and 
asphaltum.  The  section  or  number  of  bond  wires  has,  of  course,  to 
be  increased  nearer  the  power  station. 

The  conductivity  of  the  return  circuit  has  been  increased  on 
some  lines  by  the  use  of  a  supplementary  wire,  which  is  usually  of 
bare  copper  |  inch  or  ^  inch  diameter,  laid  along  the  centre  of  the 
track.  Cross  connections  from  all  bond  joints  are  made  by  copper 
wire  twisted  and  soldered  to  the  supplementary  wire,  and  on 
double  tracks  the  supplementary  wires  of  each  track  are  connected 
every  30  yards.  I  saw  new  lines  being  laid  with  these  wires  in 
Chicago  and  Detroit,  but  I  have  also  seen  lines  freshly  opened  up 
where  the  supplementary  wires  were  considerably  corroded,  and 
was  informed  that  their  life  was  about  two  years.  There  were  so 
many  joints  in  the  system,  the  wires  used  were  so  small,  and  were 
of  such  poor  conductivity  in  comparison  with  a  well-bonded  rail, 
that  the  expedient  appeared  to  me  to  be  temporary  and  unreliable. 
In  fact,  I  gathered  that  one  of  the  chief  uses  of  the  wire  was  that 
its  presence  allayed  to  some  extent  the  anxiety  of  the  city 
authorities,  otherwise  harassed  by  water  and  gas  pipe  corrosion. 

I  next  come  to  the  earth  as  a  return.  I  found  that  earth 
connections  were  made  on  most  lines  at  their  lowest  points  and  at 
the  power  house.  Such  connections  were  made  by  sinking  old 
car  wheels  or  driving  rails  or  pipes  in  moist  earth,  and  making  as 
good  a  connection  therefrom  to  the  rails  as  possible  ;  but,  from  all 
I  could  learn,  not  much  reliance  was  placed  on  such  returns.  The 
extremes  of  weather  no  doubt  have  something  to  do  with  it,  as 
hard  dry  earth  is  a  bad  conductor.  Even  wet  mud  in  comparison 
to  the  rails  is  a  poor  conductor,  as  is  evidenced  by  the  brilliant 
arcing  at  the  wheels  of  cars  running  on  a  muddy  rail.     In  the 
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Street  Bailvxiy  Journal  for  last  December,  some  tests  by  Mr.  Mr. 
James  D.  Rostron,  chief  engineer  of  the  Union  Bailway  Co.  of 
Chester,  Pa.,  bearing  ujwn  the  conductivity  of  the  earth  as  a 
return,  were  published.  Mr.  Rostron  obtained  an  average  of 
285*5  amperes  through  the  track  and  supplementary  wires,  12*8 
amperes  through  the  city  water  mains,  and  only  0*51  through 
the  earth  plates  sunk  in  creeks.  If  this  is  confirmed  by  further 
tests,  it  shows  that  the  conductivity  of  the  earth  as  a  return  is 
not  high,  but  depends  upon  the  presence  of  metallic  conducting 
matter  within  it.  While  in  Chicago,  I  made  some  tests  to  ascer- 
tain the  approximate  conductivity  of  the  earth,  and  the  difference 
of  potential  required  to  force  current  through  pipes  not  metalli- 
cally connected  to  a  circuit.  I  laid  some  lead  and  iron  pipes  in 
earth,  and  at  1 1  inches  distance  above  them  I  placed  two  iron  plates 
as  electrodes,  6  feet  apart.  Each  plate  offered  20  square  inches 
of  surface,  and  the  current  passed  partly  through  the  6  feet  of 
earth  from  plate  to  plate  through  clay,  sand,  and  mould,  and 
partly  through  !(  inches  of  earth  at  either  end  (clay  and  mould),  and 
along  the  pipes  (Fig.  8).     I  expected  the  resistance  of  the  latter 
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part  would  be  almost  nily  and,  as  I  had  120  volts  at  disposal,  I 
first  put  a  resistance  in  series  of  four  105-volt  lamps  in  parallel. 
I  found,  however,  that  the  earth  resistance  was  feur  more  than  I 
anticipated,  and  I  removed  three  lamps  with  very  slight  increase 
of  volts  on  the  remaining  one.  The  current  was  then  half  an 
ampere,  and  the  earth  absorbed  20  volts.  A  few  days  after, 
I  obtained  current  from  a  200-voU  circuit,  and  put  the  four 
lamps  on  again.  I  then  had  2|  amperes,  with  100  volts 
absorbed  by  the  eartli.  Aft^r  keeping  the  current  on  for  two 
weeks,  the  pipes  were  taken    out,   and   were   found   to   liave  a 
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pitting  of  whit«  scale  in  places  at  the  negative  ends.  The 
Hcale  wati  in  white  lump$,  which,  upon  being  scraped  oflF,  revealed 
the  starting  of  little  holes  about  3^32nd6  of  an  inch  diameter. 
This  proved  that  some  of  the  current,  if  not  almost  all,  had  passed 
by  the  pipe^  through  the  3  inches  of  clay  and  mould.  While 
I  attribute  this  high  earth  resistance  to  the  clay,  which  had  set 
hard,  I  am  still  of  opinion  that  the  earth  has  more  resistance  than 
is  generally  imagined,  and  that  to  attract  current  in  anything  but 
very  minute  an^ouuts  from  a  well-bonded  rail  to  earth  requires 
special  conditions,  such  as  deeply  simk  plates,  metallic  connection 
to  pipes,  the  ground  saturated  with  moisture,  or  an  excessive 
density  of  current  in  the  bonds.  I  was  informed  by  Mr.  C.  H. 
Morse,  the  city  electrical  engineer  of  Cambridge,  Mass.,  that  in 
some  tests  he  mad^  at  Saginaw,  Mich.,  for  the  gas  company  there, 
he  was  surprised  to  find  that  pipes  were  eaten  away  in  two  or 
three  months  under  a  return  current  which  did  not  exceed  500 
amperes.  The  soil  was,  however,  very  moist  clay,  and  the  rails 
were  connected  to  earth  plates. 

This  leads  me  to  the  question  of  the  use  of  city  water  mains 
and  gas  pipes  as  return  conductors.  At  ililwaukee,  Wisconsin, 
where  this  was  first  brought  under  my  observation,  I  was  informed 
by  the  city  engineer,  Mr.  G.  H.  Benzenberg,  that  considerable 
diflSculty  had  been  exi^erieneed.  City  water  mains  and  service 
pipes  had  become  corroded  in  from  two  to  three  years,  the  action 
being  most  marked  near  the  ix)wer  stations.  An  attempt  was 
made  by  the  passing  of  an  ordinance  to  stop  the  tramway 
companies  connecting  their  rails  to  any  pipes  whatever ;  but  the 
matter  liad  gone  too  far,  and  the  benefit  to  the  latter  companies 
in  reducing  volt  losses  by  so  doing  was  so  marked  that  the 
practice  was  still  carried  on  in  spite  of  this  ordinance.  The 
matter  was  at  length  remedied  by  obliging  the  companies  to  make 
good  connections  to  the  water  mains  at  the  nearest  points  to  the 
power  house  where  the  current  left  the  pipes,  such  connections 
being  taken  right  on  to  the  switch-board  return.  The  iK)int  proved 
was  that  pipes  were  affected  at  points  where  the  current  left  them, 
like  anodes  in  an  electrolyte,  and  that  protection  could  be  afforded 
by  putting  a  conductor  instead  of  the  electrolyte  toeartli.    In  Uiis 
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way  pipes  in  an  affected  district  could  be  thoroughly  protected^  ^^,j,„^„^ 
but  at  considerable  expenne.      It  was  evidently  better  to  put  such 
conductors  to  the  rails  direct  j  and  not  connect  to  pipes  at  all. 

I  saw  several  specimens  of  lead  and  cast-iron  pipes  that  had 
been  corroded  and  cut  out,  and  have  reproduced  a  photograph  ofj 
some  of  the  larger  pipes  in  Fig.  9.      Mr.  Benzenberg, informed 
me   that  the   matter  was 
cropping    up    in    several 
cities,  and    that    at    the 
meeting  of   the    Associa- 
tion of  Water  Works  En- 
gineers    last     September 
great    prominence   was 
given  to  this  subject. 

I  was,  unfortunately, 
unable  to  visit  Boston  and 
Cambridge  and  see  the 
extensive^  ele9^ric  tramway 
systems  and  the  enormous 
power  houses  there,  but, 
partly  by  compiunicatious 
with  Mr.  Morse,  and. 
partly  from  Boston  eur. 
gineers  who  visited  the 
Exposition,  I  was  informed 
of  some  of  the  experience 
gained  on  these  points  in 
those  cities. 

The  amount  of  return 
current  to  deal  with  can  be 

imagined  when  it  is  known  that  the  West  End  Railroad  .Coijnpauy. 
have  an  output  of  12,000  horse-power.  This  is  distributied  from 
three  stations,  of  which  the.  one  at  East  Cambridge  alone  ha^  an 
output  of  6,000  amperes...  Considering,  also,  that  of  270  mil^s  of 
track  more  than  half  is  of  56-lb.  and  70-lb.  rails,  l«4d  years  ago, 
and  either  bonded  indifferently  or  not  at  all,  it  is  not  J^urprifiing 
that  pipes  and  cables  whipb  vere  metallically  connected  to  the 


Fig.  9. 
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rails  in  places  should  be  affected.  The  information  I  have  from 
authentic  sources  is  that  the  water  $ind  gas  mains  and  lead- 
armoured  telephone  cables  suffered  to  a  very  great  extent.  The 
Bell  Telephone  Company  tried  earthing  their  cables  by  connecting 
them  to  lead  plates  buried  in  manholes,  but  this  afforded  no 
protection  from  the  very  heavy  currents  passing. 

A  curious  experience  was  gone  through  in  this  city  in  reversing 
the  direction  of  current.  The  supplementary  wires  resorted  to 
as  a  means  of  increasing  the  conductivity  of  the  track  became 
corroded  to  such  an  extent  that  when  a  car  passed  an  affected 
section  a  difference  of  potential  was  set  up  between  rails  and 
earth  sufficient  to  cause  shocks  to  people  and  horses.  This  effect 
was  so  great  towards  the  end  of  the  year  1891  that  the  West  End 
Bailroad  Company  reversed  their  current,  making  the  rails  positive 
and  the  trolley  wires  negative.  The  current  then  left  the  station 
by  the  earth  connections,  including  all  piping  in  the  station,  and 
the  condenser  pipes  were  attacked.  Other  troubles  arose  at  fresh 
points  where  the  current  left  the  city  pipes  to  get  on  to  the  rails, 
and  to  obviate  these  the  current  was  again  reversed,  making  the 
trolley  wires  positive  again.  The  action  was  then  noticed  in 
places  near  the  power  house  where  the  current  left  the  pipes, 
and  this  was  overcome  by  making  heavy  copper  connections  to 
the  pipes  in  these  places,  and  carrying  the  same  to  the  negative 
poles  of  the  generators  in  the  power  house.  It  was  also  found 
that  gas  pipes  had  to  be  treated  in  the  same  manner,  and 
soldered  connections  were  made  between  gas  and  water  pipes  in 
all  large  buildings  and  in  places  in  the  streets. 

Where  the  return  currents  reached  12,000  to  15,000  amperes 
the  ground  along  the  track  was  found  to  be  heated,  and  return 
feeders  from  heavily  loaded  points  had  to  be  used.  These  were 
tapped  down  near  the  station  to  underground  pipes,  as  it  was 
found  that  if  this  was  not  done  the  pipes  entering  the  station 
were  at  a  difference  of  potential  sometimes  as  much  as  5  volts — 
sufficient  to  heat  an  iron  wire  between  them,  with  consequent 
danger  of  fire. 

Mr.  Morse,  in  a  comprehensive  paper  on  this  question  before 
the  New  England  Water  Works  Association  at  Boston,  Mass ,  in 


I 


UNITED  8TATKS  AND  CANADA.  575 

January,  1893,  describes  having  tried  covering  pipes  with  cracked  JJ^^j^j^,^ 
stone,  and  in  muddy  places  bedding  them  in  cement,  as  a  pro- 
tection ;  but  this  was  costly,  and  of  no  use  unless  done  completely 
over  the  whole  pipe  system 

The  trouble  with  electrolysis  in  this  city  I  take  to  he  due  to 
the  exceptionally  large  outputs  and  indiflFerently  bonded  rails. 
The  city  has  purchased  experience  at  heavy  cost,  but  which  has 
been  of  benefit  to  others.  The  adoption  of  return  feeders  and 
good  bonding  on  later  lines,  with  freedom  from  these  troubles, 
has  been  one  result.  At  the  same  time  the  congested  condition 
of  current-density  has  raised  the  question  of  some  other  means  of 
distributing  current  to  cars.  One  method  about  to  be  tried  in 
Boston  and  Cambridge  is  the  three-wire,  or  zone,  system.  The 
rail  or  earth  return  would  then  be  the  neutral  wire,  and  the 
sections  of  trolley  wire  would  be  alternately  positive  and  negative. 
The  section  of  the  trolley  and  fe«d  wires  within  a  circle  of,  say, 
one  mile  of  the  power  station  would  be  at  500  volts  positive 
potential,  and  the  outer  sections  500  volts  negative.  Further, 
this  section  might  be  again  divided  into  half-  or  quarter-mile  zones, 
or  further  subdivided,  thus  practically  preventing  any  flow  of 
current  in  the  earth.  By  this  means  the  potential  and  volume  of 
current  would  be  distributed  more  evenly  over  the  circuit,  and 
there  would  be  less  concentration  of  current  at  power  houses. 
The  current  would  return  by  the  insulated  feeders.  On  the 
other  hand,  there  would  be  a  current  flowing  through  the  rails  or 
earth  from  the  cars  on  one  section  to  cars  on  another ;  but  this 
would  supply  power  to  twice  as  many  cars  as  on  the  two-wire 
system.  On  rare  occasions,  if  aU  cars  hapi)ened  to  be  banked  on 
one  section  or  a  set  of  sections  at  one  potential,  the  action  would 
be  like  a  two-wire  system,  and  the  current  return  by  rails  and 
earth  to  the  station.  The  spark,  on  passing  an  insulated  junction 
between  trolley  wires  of  opposite  potential,  could  easily  be 
deadened  by  a  small  high-resistance  shunt  across  the  break.  The 
general  advantage  of  such  a  system  cannot  be  pronounced  upon 
until  it  has  been  tried ;  but,  as  far  as  the  return  current  is 
concerned,  it  appears  to  oflFer  considerable  relief. 

I  should  mention  here  that  in  Boston   the   experiment  was 
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wn'kin  n  ^^^^'  ^^  welding  the  fish-plates  to  the  rails,  thus  making  a 
permanent  and  reliable  electrical  joint.  The  Johnson  Company, 
ifter  obtahiing  good  results  on  3,000  feet  of  experimental  track, 
were  empowered  to  weld  16  miles  for  the  West  End  Street 
Railway  Company,  atid  during  two  years  the  rails  have  shown  no 
tendency  to  buckle.  Daring  this  winter,  however,  I  learn  that  the 
rails  have  broken  into  sections  of  a  few  hundred  feet,  due  to 
contraction,  the  firactures  always  occurring  near  the  weld,  I 
believe,  however,  that  this  is  the  right  method,  and  may  still 
be  modified  to  give  successful  results.  The  bond  should  be  made 
outside  the  fish-plates,  allowing  a  loop  for  contraction,  and  the 
poles  of  the  welder  should  be  arranged  to  distribute  the  heat 
gradually  from  the  weld,  and  so  prevent  abnormal  strain  of  the 
metal.  The  absence  of  dissimilar  metals  in  the  joint  ensures  its 
permanency  as  long  as  the  rail  itself  lasts,  both  as  regards  local 
action  and  expansion. 

Reviewing  the  circumstances  attending  electrolytic  action,  as 
fer  as  I*  have  been  able  to  gain  information'  on  the  spot,  I  find 
that  these  troubles  have  chiefly  been  traced  to  insufficient 
conductivity  at  the  rail  joints,  and  to  the  want  of  proper  return 
conductivity  in  the  shape  of  feeders.  When  traffic  on  the  lines 
increases,  or  extensions  take  place,  and  the  increased  power  is 
drawn  from  the  same  supply  station,  either  the  bonds  must  be 
increased  in  sectional  area  (if  they  have  not  been  put  in  at  first 
of  sufficient  size  for  ultimate  demands),  or  return  feeders  must  be 
run  to  relieve  the  bonds,  otherwise  the  consequence  will  be  that 
the  current  will  be  crowded  out  of  the  rails  into  the  earth. 
This  is  what  'has  actually  taken  place  on  some  systems  in  the 
States,  and  the  current  has  been  allowed  to  take  it«  own  course 
until  the  heating  of  rail  joints  and  bonds  has  drawn  attention  to 
the  want  of  conductivity.  This  crowding  out  occurs  on  the  main 
or  trunk  lines,  into  which  several  branch  linefe  converge.  On 
simple  Hues j  or  those  from  which-  no  branch  lines  radiate,  it  is 
less  liable  to  occur,  as  even  with  ait  excessive  volt  loss  per  mile 
the  density  of  current  is  well  within  the  capacity  of  ordinary 
single  bonds.  Take,  for  instance,  a  line  of  three  miles  of  double 
track   between  A  and   B    (Fig.    10).   and   consider   it  first  with 
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no    branch    lines.      Say   we    have    a    three-minute    service    of  Mr.        -^• 
cargj   and   the    average    speed,   allowing    for    stoppages,   is    7^ 
miles    per    hour/     The    cars    will   then    be    thVee-eighths   mile 


C 


JPower  i  Station. 

Pio.  10. 

ikpart,  and  there  will  be  eight  ears  on  e«ch  track.  With 
two  motors  per  car  the  current  will  be  about  25  amperes  a% 
maximum  speed ;  but  some  cars  will  be  starting,  and  using  100 
amperes,  and  we  may  take  a  time  average  right  through  of  50 
amperes  per  car.  The  maximum  current  returning  to  the  power 
station  from  A  will  then  be  800,  and  the  maximum  at  B  100 
amperes.  The  resistance  of  copper  bonds  varies  according  to 
method  of  bonding,  length  and  size  of  bond  wire,  and  whether  it 
is  double  or  single.  Per  mile  run  of  rail  the  bonds  may  be  from 
one-sixth  to  twice  or  three  times  the  resistance  of  the  rail. 
Taking  a  70-lb.  rail  with  low-resistance  bonds,  say  of  No.  000 
gauge,  12  in.  long,  and  fixed  double,  we  shall  have  the  resistances 
per  mile  of  rail  0*0344  ohm,  of  bonds  (176  to  the  mile)  0-0056 
ohm — ^total,  0*04  ohm,  or  0*01  ohm  for  the  double  track.  The 
voltage  loss  will  therefore  be  1  volt  per  mile  per  100  amperes. 
Working  this  out  for  the  varying  strength  of  current  on  different 
portions  of  the  return,  we  have  a  loss  of  10  v6lts  on  IJ  miles  from 
A  to  P,  and  4  volts  on  an  equal  distance  from  P  to  B — ^total, 
H  volts. 

Snppose  now  a  branch  line  is  laid  from  from  P  to  C,  also  of 
\\  miles,  with  cars  at  same  speed,  and  same  rate  6f  service.  This 
will  then  absorb  4  volts,  but  the  loss  between  P  and  A  on  the 
trunk  line  will  be  increased  to  19  volts;  and  if  another  similar 
branch,  P  to  D,  is  added,  the  loss  on  the  trunk  line  becomes^ 
28   volts,   or   a   total   of  32   volts   on   the   whole.      When  it  is 


678  NOTES  ON  ELECTRIC  TRAMWAYS  IN  THE 

Mr.  considered  that  with  a  theoretical  continuous  rail  without  bonds 

this  loss  is  only  reduced  by  5  volts,  it  will  be  seen  that  to 
prevent  waste  of  energy,  quite  apart  from  reducing  current- 
density,  we  must  connect  return  feeders  to  the  rails  on  the 
trunk  line. 

Now,  considering  the  current-density,  we  have  in  the  trunk  line, 
when  the  two  branches  are  in  operation,  a  current  of  1,300 
amperes  at  P  and  2,400  amperes  at  A.  The  maximum  current 
•  per  rail  is  therefore  600  amperes,  and  this  on  7  square  inches 
gives  a  density  of  86  amperes  per  square  incli  of  rail  (equivalent  to 
510  amperes  per  square  inch  of  copper).  This  could  be  increased 
four  or  five  times  before  any  sensible  rise  of  temperature  would 
take  place  in  the  rail ;  but,  considering  the  bonds,  whose  sectional 
area  per  rail  is  0*262  square  inch,  we  find  we  have  a  density  of 
2,290  amperes  per  square  inch.  It  would  probably  take  very  little 
increase  of  current  beyond  this  to  cause  heating  of  the  bonds  and 
crowding  out  of  current  into  the  earth ;  and  yet  the  bonds  on 
many  lines  in  the  States  have  less  sectional  area  than  the  one 
cited,  and  the  currents  are  fi*om  twice  to  four  or  five  times  as 
great,  producing  far  higher  densities  in  the  bonds  than  they  can 
carry.  I  am  convinced  that  this  is  the  cause  of  most  of  the 
electrolytic  troubles  in  the  States.  Trunk  lines,  into  which  a 
number  of  branch  suburban  lines  feed,  are  frequently  of  consider- 
able length,  and  cars  necessarily  move  slower  in  consequence  of 
their  accumulation  on  one  line.  Not  only  on  account  of  the 
number  of  cars,  but  also  because  of  their  slower  speed  and  frequent 
re-starting,  the  current  put  on  to  the  rails  is  very  much  increased, 
and  the  density  in  the  bonds  becomes  far  more  than  they  can 
carry.  We  have  seen  that  it  is  not  a  question  of  resistance  or 
conductivity  of  the  bond,  as  the  voltage  loss  beyond  that  on  a 
perfectly  continuous  rail  is  only  increased  by  about  one-sixth  of 
that  lost  on  the  rail,  and  therefore  the  increasing  of  the  conduc- 
tivity confers  no  appreciable  benefit  so  far  as  reducing  voltage  is 
concerned.  The  question  is  one  of  sectional  area  of  bond  with 
reference  to  the  ultimate  maximum  current  it  is  expected  to  carry, 
and  this  I  think  should  not  exceed  2,000  amperes  per  square  inch. 
The  sectional  area  of  the  bond  refers  as  much  to  those  portions  in 
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contact  with  the  rail  at  the  joint  or  joints,  as  to  that  of  the  single  Mr. 
or  double  bond  wire  itselL 

I  cannot  leave  this  portion  of  my  paper  without  a  tribute  to 
the  pioneer  work  and  enterprise  of  our  transatlantic  cousins. 
They  meet  every  diflBculty  squarely  in  the  fiwe,  and  in  spite  of 
all  obstacles  ''get  there  all  the  same."  Our  designs  must 
necessarily  comply  with  more  conditions  than  are  exacted  in 
America,  but  when  our  diflficulties  have  been  the  same  our  Mends 
have  generously  been  ever  ready  to  impart  their  experience. 

I  will  only  touch  upon  one  of  the  Board  of  Trade  Begulations, 
viz.,  rule  7,  similar  to  which  is  rule  9  of  the  Draft  Begulations 
for  Undergroimd  Electric  Railways.  In  its  draft  form  rule  7 
exacted  that  the  original  or  recorded  resistance  of  the  return 
should  be  maintained  constant,  with  a  maximum  allowable 
increase  of  15  per  cent.  In  its  amended  form  the  same  idea  is 
carried  out,  but  the  element  of  current-strength  is  included, 
namely,  the  product  of  resistance  with  current — that  is.,  the  diflfer- 
ence  of  potential  between  extreme  ends  of  the  line — and  this  must 
not  exceed  7  volts.  The  firaming  of  the  rule,  I  take  it,  was  aimed 
at  securing  a  low  density  of  current  in  the  rail,  thus  preventing 
the  crowding  out  of  which  I  have  spoken,  and  placing  the  pipes 
of  gas  and  water  companies  beyond  all  harm.  It  seems  to  me 
that  this  end  is  not  altogether  accomplished,  because  with  a 
given  difference  of  potential,  however  low,  it  is  possible  to  have 
a  very  high  density  in  the  bonds,  with  a  very  low  one  in  the  rails. 
In  other  words,  imder  complete  compliance  with  the  rule  the" 
bonds  may  be  carrying  far  too  high  a  density  and  shedding  their 
current  into  the  earth.  Beferring  for  a  moment  to  the  example 
considered  above,  a  heavier  rail  might  be  laid  with  bonds  of  less 
sectional  area  and  still  not  alter  the  difference  of  potential  at  the 
ends  of  the  uninsulated  return.  A  90-lb.  rail  would  have  0*0268 
ohm  per  mile — that  is,  0*0076  less  than  the  70-lb.  rail — ^and  this 
difference  could  be  made  up  of  smaller  bonds  of  less  carrying 
capacity.  By  using  single  bonds  of  No.  00  gauge  (0*104  square 
inch  section)  instead  of  double  of  No.  000  (0*131  square  inch 
section),  this  is  obtained  very  closely,  and  we  have  the  resistance 
per  mile  of  raU  0*0268  ohm,  of  bonds  0*0142— total,  0*0410,  or  0*01 
VOL.  xxni.  41 
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Mr.  ohm  for  the  double  track,  as  before.     The  diflference  of  potential 

■WiUdnwrn. 

at  the  ends  of  the  aninsulated  return  for  the  same  currents  is 

'  therefore  unchanged,  but  the  densities  are  very  different.  That 
in  the  rail  is  reduced  to  66  amperes  per  square  inch  (equivalent  to 
400  amperes  per  square  inch  of  copper),  while  that  in  the  bonds 
is  increased  to  5,760  amperes  per  square  inch — ^nearly  three  times 
more  than  the  limit  I  alluded  to.  Some  of  this  density  is  relieved, 
of  course,  by  the  conductivity  of  the  fish-plates,  but  this  is  of  such 
a  variably  and  unreUable  nature  that  it  should  not  be  reckoned 
upon.  Density,  of  course,  can  and  should  be  relieved  by  return 
feeders,  and  these  would  be  necessary  on  most  lines  of  any  extent 
to  keep  the  volt  loss  within  the  required  limit ;  but  even  with 
return  feeders  and  low  density  in  the  rails  I  have  shown  that 
there  might  still  be  too  great  a  density  in  the  bonds,  if  these  were 
not  of  suflScient  section.  Further,  it  appears  to  me  that  a  limit 
of  volts  per  mile  would  be  equally  effectual  and  more  workable 
than  a  certain  limit  for  lines  of  all  lengths  and  traffic. 

Having  endeavoured  to  put  before  you  the  results  of  my 
observations,  I  may  say  that  I  am  convinced  that  bonds  should 
be  of  sectional  area  proportioned  to  load,  which  will  materially 
lessen  cost  of  return  feeders ;  and,  secondly,  at  points  on  the  rails 
chosen  with  regard  to  load,  return  feeders  should  be  connected 
of  such  section  as  to  relieve  the  density  of  current  in  the  rail. 
By  return  feeders  I  do  not  mean  supplementary  wires  or  connec- 
tions to  water  pipes,  but  metallic  conductors  either  above  or 
below  ground,  not  necessarily  insulated,  but  connected  direct 
from  the  rails  to  the  power  station.  Supplementary  wires  are  of 
no  use  unless  increased  in  section  as  the  current  increases,  so  as 
to  keep  an  approximately  constant  density,  and  this  I  have  never 
seen  done ;  while  making  connections  to  water  pipes  is  a  make- 
shift at  best,  and  one  that  shows  a  want  of  good  design.  I 
believe  that  by  designing  the  return  circuit  of  electric  tramways 
in  the  manner  I  have  indicated  we  shall  keep  clear  of  electrolytic 
troubles  upon  gas  and  water  pipes,  and  ensure  an  unhandicapped 
career  for  electric  traction  in  this  country. 

I  now  come  to  systems  in  which  the  return  is  insulated  firom 
earth,  namely,  those  using  the  overhead  double  trolley  and  the 
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underground  conduit.  I  was  much  interested  in  the  double-  Mr.  . 
trolley  system  working  in  the  city  of  Cincinnati,  Ohio,  and 
wished  to  ascertain  whether  the  insulation  from  earth  was  well 
maintained,  and  of  sufficient  benefit  to  warrant  the  use  of  such  a 
system.  I  received  the  greatest  courtesy  during  my  stay  in 
that  city  from  Mr.  George  Homung,  civil  engineer ;  Mr.  H.  P. 
Bradford,  of  the  Cincinnati  Inclined  Plane  Railway  Company 
(using  single  trolley);  Mr.  Kilgour,  of  the  Consolidated  Street 
Railway  Company  (using  double  trolley) ;  and  Mr.  Wm.  J.  Clark, 
of  the  General  Electric  Company,  with  whom  I  visited  the  power 
houses  and  inspected  the  lines.  I  shall  not  easily  forget  my  first 
impressions  of  double-trolley  working,  as  I  passed  through  Fourth 
Street  to  Fountain  Square,  in  the  busiest  part  of  this  city,  on  the 
morning  after  my  arrival :  cable  cars,  double-  and  single-trolley 
cars,  and  horse  cars  followed  each  other  in  rapid  succession,  often 
on  the  same  track ;  but  the  most  startling  thing  was  the  immense 
amount  of  trolley  and  span  wires  suspended  over  the  roadways, 
with  all  the  necessary  adjuncts  of  insulators,  guard  wires,  frogs, 
and  separators.  I  watched  several  of  the  double-troUey  cars 
rounding  curves,  and  observed  that  the  trolleys  frequently 
jumped  ofi*  the  wires,  and  that  the  conductor  on  the  car  had 
to  keep  his  eyes  on  the  trolleys  and  steer  them  with  the  cord  on 
passing  curves. 

A  good  deal  of  extra  complication  was  due  to  the  presence  of 
single-trolley  wires  along  double-trolley  tracks,  and  the  necessary 
use  of  span  wires  in  the  narrow  streets  of  the  city.  Out  in  the 
suburbs,  however,  the  double-trolley  construction  was  seen  to 
better  advantage,  as  the  wide  roads  allowed  for  centre-pole 
construction.  The  rumour  prevailed  in  other  cities  that  the 
double^roUey  system  was  on  its  last  legs ;  but,  so  far  from  that 
being  the  case,  I  found  that  the  Board  of  Affairs  of  the  city  had 
just  granted  the  company  powers  to  lay  50  additional  miles  of 
double-trolley  track,  the  mileage  then  in  operation  being  about 
the  same  in  extent.  No  doubt  the  rumour  arose  from  the  fact 
that  this  was  the  only  city  in  the  States  (with  the  exception,  I 
believe,  of  a  small  line  at  Rochester)  that  employed  the  system, 
and  the  history  of  its  rise  in  Cincinnati  was  remarkable.     The 
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Mr.  first  to  be  put  down  was  a  single-trolley  line,  which  was  opposed 

by  the  telephone  company  on  the  ground  of  interference. 
Litigation  resulted  in  favour  of  the  latter  company;  but  the 
tramway  company  appealed  on  two  or  three  judgments  to  higher 
courts,  and  eventually  got  a  verdict  in  their  fietvour.  During  the 
progress  of  this  litigation  a  new  tramway  company  was  financed 
by  those  most  largely  interested  in  the  telephone  company,  with 
the  view  of  proving  that  double-trolley  was  the  only  way  out  of 
telephone  interference,  and  to  force  the  hands  of  the  single-troUey 
company.  Mishaps  in  winter,  however,  in  the  earliest  days  of  its 
adoption,  favoured  the  final  appeal  above  alluded  to,  and  ended  in 
metallic  returns  being  put  on  telephone  lines  instead.  The  posi- 
tion remains  unaltered  to-day,  and  both  trolley  systems  prosper. 

I  found  that  the  insulation  of  the  double-trolley  lines  was 
good,  so  far  as  the  overhead  construction  was  concerned;  but 
that  it  firequently  broke  down  at  the  motors,  thus  putting  one  or 
other  trolley  line  to  earth.  To  show  what  kind  of  insulation 
existed,  my  fi-iends  and  I  boarded  a  single-troUey  car,  stopped  it, 
and  pulled  the  trolley  arm  off  the  single  wire  on  to  one  of  the 
double-trolley  wires ;  the  lamps  lit  up  inside  the  car  showing  an 
earth  on  one  main  of  about  200  volts.  The  leak  was  not 
sufficient,  however,  to  run  the  car,  but  it  appeared  that  in  wet 
weather  this  was  frequently  done.  Again,  in  the  Hunt  Street 
station,  an  earth  indicator  was  permanently  fixed,  consisting  of 
two  rows  of  five  lamps,  in  series.  Each  row  was  connected 
between  one  of  the  troUey  wires  and  earth,  and  I  observed  during 
my  visit  to  this  station  that  one  of  these  rows  was  lighted  up  to 
nearly  full  candle-power.  The  light  was  fluctuating  slightly, 
which  appeared  to  indicate  that  the  earth  was  on  a  moving  car ; 
at  all  events,  I  was  informed  that  such  earths  were  of  frequent 
occurrence,  and  went  off  as  suddenly  as  they  came  on,  but  did  not 
affect  good  working.  Earths  on  a  line  were  "  spotted  "  after  all 
cars  were  home  for  the  night  by  switching  off  one  section  after 
another  while  full  power  was  kept  on.  The  leakage  current  on 
two  lengths  of  twelve  and  nine  miles  of  double  track  joined  in 
multiple  with  all  cars  off  was  12  amperes,  under  the  full  pressure 
of  500  volts. 
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The    cost    of    street    work   in    America    for    double-trolley  Mr. 


truction  is  about  £650  per  mile,  the  ] 

items  being  as 

follows : — 

100  iron  poles 



,     260 

a. 
0 

d. 
0 

100  hangers 

•••         ••• 

17 

0 

0 

100  solder  cars 

•••         ••• 

5 

0 

0 

70  strain  insulators. .. 

•••         ••• 

4 

9 

8 

3,000  feet  span  wire 

•• •         • •• 

12 

0 

0 

10,560  feet  No.  1  copper 

trolley  wire 

.       84 

9 

8 

5,280  feet  No:  0000  feed 

wire 

.     211 

4 

0 

25  3-foot  cross  arms 

•••         ••• 

0 

15 

0 

50  glass  insulators  .•• 

•••         .•• 

0 

12 

0 

200  sacks  of  cement 

•••         ••• 

12 

0 

0 

15  loads  broken  stone 

•••         ••• 

4 

10 

0 

5  loads  sand 

•••         ••• 

0 

15 

0 

Labour  and  superintende 

nee 

45 

0 

0 

£657 

15 

4 

WilkinaoBl 


This  is  about  one-third  more  than  the  cost  of  single-trolley 
construction ;  but  against  this  must  be  put  the  dispensing  with 
bonds. 

While  this  system  is  out  of  place  in  cities  and  confined 
thoroughfares,  and,  indeed,  wherever  span  wires  must  be  used, 
I  believe  it  oflFers  some  advantages  for  heavy  passenger  traffic  or 
goods  traffic  in  suburban  districts.  It  ofiers  immunity  from 
leakage  currents  to  earth,  for  such  can  only  take  place  when  more 
than  one  earth  is  on  the  line.  There  is  therefore  no  anxiety  as 
to  electrolytic  action  on  pipes,  even  with  the  heaviest  currents, 
no  interference  with  telephones,  and  it  is  not  necessary  to  bond 
the  rails.  With  neat  iron  poles  and  ornamental  cross  brackets 
the  line  is  not  at  all  unsightly  in  the  centre  of  the  road.  On  some 
lines  the  appearance  is  improved  by  clusters  of  incandescent 
lamps,  with  reflectors,  on  every  second  or  third  post,  and  all 
feeder  cables  kept  underground.  The  only  objection  to  the 
system  is  the  amount  of  overhead  work  at  cun^es,  turn-outs,  and 
crossings ;  but  it  certainly  holds  its  own  in  Cincinnati  for  smooth 
and  rapid  transit,  and  has  proved  itself  a  commercial   success. 


BH 
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On  the  table  are  some  photos  of  the  city  for  members  to  examine, 
showing  some  of  the  overhead  construction.  I  have  here  also 
a  specimen  of  the  Kisinger  splicing  tube,  by  which  breakages 
in  trolley  wires  are  rapidly  repaired  (Fig.  1 1).     I  witnessed  two 


^s^>r^^>^>J^^^rs^^^ 


Fio.  11. 

breakages  in  one  street,  which  took  only  five  nainutes  each  to 
repair  by  means  of  these  tubes.  The  broken  ends  are  pulled  up 
and  put  in  the  tube,  and  then  the  dogs  slipped  in  through  the 
slot.  When  the  tackle  is  slacked  off  the  ends  are  locked,  and 
an  excellent  electrical  joint  made  without  soldering.  For 
working  at*  the  wires  an  emergency  waggon,  with  folding  ladder, 
is  used,  and  joints  have  been  made  in  3J  minutes,  including 
picking  up  broken  ends  from  the  street. 

I  now  pass  to  the  consideration  of  underground  conduit  lines, 
also  using  an  insulated  return. 

During  my  stay  in  Chicago,  the  extensive  plant  of  the  North 
Side  Tramway  Company,  consisting  of  gas  motors  fixed  to  special 
cars,  suffered  almost  complete  destruction  by  fire.  As  there  had 
been  serious  complednts  of  the  noise  and  smell  of  the.^  gas  motors, 
the  company  endeavoured  to  get  a  clause  revoked  in  their 
franchise  which  prohibited  their  using  an  overhead  trolley  line. 
Their  intention  to  equip  their  line  in  this  manner,  however,  met 
with  great  opposition  from  property  holders,  tradesmen,  and 
insurance  companies,  and  the  clause  was  not  struck  out  by  the 
City  Council.  Previously,  however  (in  March,  1892),  in  conse- 
quence of  this  clause,  the  company  had  equipped  about  a  mile  and 
a  quarter  of  their  line  electrically  with  an  underground  conduit  on 
the  Love  system.  I  found  this  in  successful  operation  last  year, 
and  made  a  few  notes  on  it,  which  I  hope  may  prove  of  interest. 
The  illustrations  (Figs.  12  and  13)  show  sections  of  the  line 
construction  and  roadway.     The  depth  excavated  below  the  road 
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level  is  only  2  feet,  involving  no  trouble  or  expense  while  laying  Mr. 
the  track  in  diverting  pipes  along  the  route,  as  is  so  often  necessary 
in  laying  a  cable  track.  ^ 


The  slot  rails  are  in  32-foot  lengths,  and  bolted  to  the  yokeai 
every  4  feet.  Pockets,  or  small  hand  holes,  are  provided  in  the  road 
over  every  bolt,  so  that,  if  required,  the  rails  can  quickly  be 
removed,  and  the  conductors  and  insulators  exposed  to  view.  The 
slot  rails  are  spaced  for  a  f-inch  slot,  and  shaped  with   5-inch 


Fio.  13.— Conduit. 


inside  lips,  so  as  to  shed  water  into  the  conduit  clear  of  the 
wires.  The  track  rails  are  held  by  claw  bolts  to  the  yokes,  as 
shown,  and  the  whole  construction  rests  on  a  bed  of  6-inch  concrete, 
and  is  packed  round  with  concrete  as  a  bed  for  the  stone  blocks  of 
the  roadway.  In  the  webs  of  the  yokes  spaces  are  left  for  laying 
pipes  to  contain  feeder  wires,  the  conductors  being  in  sections  of 
500  feet.  The  conductors  are  of  bare  copper  rod,  nearly  half  an 
inch  diameter,  grooved  longitudinally,  and  suspended  from  loose- 
fitting  ^un-meta1  cUps,  or  ears,  as  shown  (Fig.  14).    The  stalk  of 


Mr. 

Wilkinson. 
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each  clip  is  secured  to  a  block  of  pressed  mica  or  other  insulating 
material,  B,  which  is  suspended  from  two  shoulder  bolts  bolted  to 
the  yoke.    To  allow  for  expansion  of  the  conductors,  the  blocks 


Boad  level 


Fio.  14. 

are  free  to  move  about  2  J  inches  on  the  rods.  With  the  trolley 
wheels  travelling  in  the  direction  of  the  arrow,  it  was  found  that 
the  blocks  shifted  a  little  in  the  reverse  direction  every  time  the 
troUey  wheels   passed,   and    it    was  necessary  to  put  stops  at 

S  (Fig.  15).    The  insula- 

^ 8 

4L 


tors  are  fixed  to  every  alter- 
nate yoke,  at  a  distance 
apart  of  9  feet  on  the 
straight  run.  On  curves, 
however,  they  are  closer 
together,  and  stronger 
supports  are  used,  the  con- 
ductor being  circular  in 
section,  and  clipped  in  ears 


k^^^^ 


it^^ 


Fio.  15. 


having  circular  jaws,  as 
shown  in  Fig.  16,  which 
are  afterwards  filed  round 
below,  so  as  to  offer  no 
resistance  to  the  troUey 
wheel. 

The  troDey  wheels  bear 
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upwards  on  the  underneath  side  of  the  conductor,  exactly  as  in  icr. 

overhead  lines.    The  illustration  (Fig.  17)  shows  the  arrangement 

with  spring  for  keeping  tension  on  trolley  wire,  and 

back   stop   for  keeping  the  wheel  in  place  on  the 

wire.    The  plate  travelling  in  the  slot  and  support-     ' 

ing  this  gear  is  of  half-inch  steel,  and  4^  inches 

wide.     The  trolley  arms  are  jointed  to  take  lateral 

as  well  as  vertical  movement,  and  thus  follow  every 

change  of  direction  of  the  conductors. 

The  line  in  Chicago  is  in  the  form  of  a  triangle  a 
little  over  1^  miles  long,  with  three  straight  lengths 
and  three  curves,  and  in  one  place  it  crosses  over 
the. cable  line.     The  motor  cars  (which  also  carry  passengers) 
haul  the  trailers  with  passengers  left  by  the  Lincoln  Avenue 


cable  cars  and  North  Halstead  Street  horse  cars  round 
Fullerton  and  Webster  Avenues.  This  was  the  first  line  on 
this  system,  and,  as  might  be  expected,  some  difficulties  were  met 
with.  These  were  chiefly  due  to  the  breakage  of  insulators, 
expansion  of  conductors,  and  snow  and  ice  in  the  conduit.  Boys 
were  also  a  nuisance,  stuffing  wire  into  slot,  which  jammed  the 
trolley  wheels  and  short-circuited.      I  found  that  in  July  last 
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there  had  been  five  stoppages,  two  in  August,  and  none  at  all  the 
following  three  months.  Two  of  the  stoppages  were,  however,  due 
to  bumt-out  armatures.  Brushes  were  used  attached  to  cars  for 
sweeping  out  water  and  dirt  from  the  conduits  into  sump-holes 
every  100  feet,  which  were  afterwards  pumped  out  by  hand. 
Water  gave  no  trouble  at  all,  except  when  it  froze  in  the  conduit. 
Wide  extremes  of  temperature  are  met  with  in  Chict^o,  being  15® 
to  20^  below  zero  in  the  winter,  to  90°  in  the  shade  in  the 
summer,  and  expansion  gave  a  good  deal  of  trouble  at  first, 
especially  at  curves,  where  the  conductors  sagged  till  they  nearly 
touched  the  side  of  the  iron  conduit,  upon  which  the  trolleys 
made  earth  and  short-circuit  by  touching  the  sides.  This  was 
overcome  by  dividing  the  conductors  into  sections  of  500  to  600 
feet,  wid  covering  the  adjacent  ends  with  a  long  sleeve.  Powerful 
compressed  springs  on  either  side  of  the  sl€eve  were  used  as  shown 
in  the  illustration  (Fig.  18),  which  drew  the  ends  together  and 
took  up  the  expansion. 


Fio.  18. 

At  the  Milwaukee  Convention  Mr.  M.  D.  Law  read  a  paper  on 
this  system  as  now^  operated  in  the  city  of  Washington  (district 
of  Columbia),  in  which  he  mentioned  the  improvements  intro- 
duced by  the  Rock  Creek  Railway  Company  using  the  system  in 
that  city.  I  subsequently  saw  this  line  at  Washington,  and  found 
the  construction  perfected  in  many  details,  and  the  system  giving 
completely  satisfactory  service,  uninterrupted  since  its  inaugura- 
tion in  March,  1892.  The  line  was  a  credit  to  this  well  laid  out 
city,  and  anyone  who  could  see  the  smooth  and  regular  running 
of  the  cars,  with  no  overhead  wires,  would  say  there  was  a  great 
future  for  such  a  system  in  city  traffic.  The  line  of  the  above 
company  extends  some  6  J  miles  in  the  suburbs  with  the  over- 
head trolley  system,  but  at  the  city  boundary  it  changes  to 
underground  trolley.  The  change  from  one  to  the  other  only 
involves  fixing  the  trolley  bar  and  switching  ofi*  the  e^rth  con- 
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nection,  which  I  timed  to  take  20  seconds.  The  line  then  Mr. 
continues  along  U  Street  for  1^  miles  with  double  track.  On 
the  return  journey,  close  to  the  junction,  the  cars  have  to  take 
a  sharp  curve,  and  take  an  ascent  of  1  in  40  at  the  same  time, 
which  they  do  easily.  The  insulators  and  supports  at  the  curves 
are  all  strengthened,  and  the  conduit  is  made  20  inches  deep  by 
14  inches  wide,  the  extra  width  allowing  ample  clearance  between 
the  wires  and  the  sides  of  the  conduit.  The  yokes  are  also  put  at 
4  feet  centres  instead  of  4  feet  6  inches,  and  the  conductors 
are  of  |-inch  hard-drawn  copper.  A  separate  power  house 
was  erected  to  supply  the  underground  system,  as  it  was  desired 
by  Mr.  Law  and  Mr.  Herbert  Claude,  the  engineers  to  the 
company,  to  thoroughly  test  the  system.  Leakage  to  earth,  as 
shown  by  a  voltmeter  between  the  conductor  and  earth,  was  only 
O'l  per  cent,  even  in  the  stormiest  weather,  and  the  ammeter 
remained  dead  at  zero  when  the  full  E.M.F.  was  on  and  the  cars 
all  oflF.  In  the  wettest  weather  it  was  a  common  thing  to  find 
dusty  insulators  and  perfectly  dry  conductors  oft  removing  the 
slot  rails ;  this  condition  being  due  to  the  natural  draught  in  the 
conduit  and  the  umbrella  nature  of  the  slot  rails.  On  two  or 
three  occasions,  however,  severe  rain  storms  had  flooded  the. 
eonduit  and  immersed  the  wires,  but  the  cars  ran  without  deLiy. 
With  four  fully  loaded  cars  on  the  line  the  drop  was  only  3  volts. 
The  trolley  wires  were  in  sections,  with  main  and  return  feeders, 
switches,  and  cut-outs  to  each  section,  placed  in  manholes  every 
500  feet  on  the  straight  run. 

I  have  here  copies  of  two  Bills  which  have  recently  passed  the 
House  of  Representatives,  authorising  an  extension  of  tramways 
in  the  city  of  Washington,  in  which  the  system  of  underground 
conduit  I  have  just  described  is  to  be  used.  The  section  of  the 
Act  incorporating  the  Washington  Traction  Company  which  refers 
to  the  system  reads  as  follows : — 

Sec.  2.  "  That  the  motor  power  shall  be  the  underground 
"  electric,  such  as  is  now  in  use  on  the  U  Street  branch  of  the 
"  Rock  Creek  Railway,  on  all  of  its  rdad  ea^  of  Rook  Creek, 
"  while  the  overhead  trolley  shall  be  used  upon  that  part  of  the 
"  route  north-west  of  Rock  Creek  until  euch  tetritary  shall  be 
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"  buUt  up  and  the  District  Commissioners  shall  deem  it  proper 
"  that  the  wires  shall  be  placed  undergromid." 

The  other  Act  empowers  the  Brightwood  Railway  Company  of 
this  city  to  extend  their  lines  within  the  city,  using  the  above 
system. 

It  has  been  proposed  to  use  synchronous,  two-phase,  or  three- 
phase  motors  for  tram-cars,  chiefly  with  a  view  to  economy  in  the 
transmission  of  energy,  but  also  with  the  object  of  avoiding 
electrolytic  troubles.  There  are  advantages  to  be  considered  in 
the  use  of  alternating  currents,  but  it  would  involve  the  carrying 
of  line  and  return  close  together  in  the  neighbourhood  of 
telephone  lines.  A  tram-car  fitted  with  a  three-phase  motor, 
said  to  be  the  first  one  so  fitted,  was  exhibited  by  Messrs. 
Siemens  &  Halske  in  the  Electricity  Building  at  the  World's 
Fair.  The  motor  was  four-pole,  of  20  H.P.  nominal,  but  capable  of 
working  up  to  60  H.P.  at  500  to  600  volts  and  1,400  revolutions. 
The  reduction  gear  was  enclosed  in  oil. 

I  now  come  to  some  points  in  power  house  plant.  Most  of 
the  stations  I  visited  had  large  cross  or  tandem  compound  hori- 
zontal condensing  engines,  the  average  units  being  of  500  H.P., 
driving  200-kilowatt  generators  by  belts.  These  were  usually 
compound  machines,  to  give  500  volts  on  open  circuit  to 
550  on  full  load,  and  had  the  intermediate  connection  taken 
from  the  brushes  to  the  switch-board  for  coupling  machines 
in  parallel.  In  allowing  for  **drop"  a  good  deal  depends  upon 
the  site  of  the  power  house.  In  the  heart  of  a  city,  where 
there  are  a  large  number  of  pedestrians  and  vehicles,  the  cars 
must  of  necessity  travel  at  slow  speed,  and  do  not,  therefore, 
require  the  full  pressure,  while  in  the  suburbs  speed  is  a 
matter  of  importance  for  business  men  coming  into  and  leaving 
the  city ;  and  in  Cincinnati  it  was  particularly  necessary  to  keep 
the  pressure  up,  owing  to  the  hilly  nature  of  the  suburbs.  The 
power  houses,  I  found,  were  built  in  the  suburbs  in  situations 
most  suitable  to  deliver  highest  pressure  where  most  required. 
Shorts-circuits  being  of  very  frequent  occurrence,  magnetic 
cut-outs  were  placed  on  the  feeder  and  dynamo  mains  at  the 
switch-board,  and  in  some  cases  on  the  machines  as  well. 
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With  built-up  fly-wheels  of  the  ordinary  type,  it  is  well  known  Mr. 
that  the  TnaxiTTinTn  linear  speed  of  the  rim  must  not  exceed  a 
certain  limit  of,  say,  6,000  feet  per  minute.  Centrifugal  force 
acting  radially  outwards  tends  to  bend  those  portions  of  the  rim 
lying  between  spokes,  putting  the  outside  of  the  rim  in  tension 
and  the  inside  in  compression.  What  the  stresses  due  to  bending 
actually  are  need  not  be  gone  into  here,  but  it  is  evident  that  the 
safe  factor  between  bending  moment  and  circumferential  tension 
of  the  rim  rapidly  dmiinishes  as  the  limiting  velocity  is  exceeded, 
and  from  this  cause  wheels  occasionally  fly  to  pieces  without  any 
previous  warning.  The  large  amount  of  energy  stored  in  these 
25-ft.  and  30-ft.  fly-wheels  answered  the  purpose  of  keeping  the 
volts  up  under  sudden  increases  of  load,  but  were  somewhat  a  cause 
of  anxiety  when  short-circuits  came  on.  Either  the  magnetic  cut- 
out did  not  act  quickly  enough  and  the  inertia  of  the  driving 
power  kept  the  dynamo  up  to  speed  and  forced  it  to  a  bum-out, 
or  the  engine  raced  to  a  dangerous  extent  on  the  quick  with- 
drawal of  full  load.  Some  instances  of  these  came  under  my  own 
observation.  At  the  Hunt  Street  power  house  in  Cincinnati, 
where  there  are  intermediate  lines  of  countershafting  between 
engines  «id  dynamos,  I  noticed  some  repairs  being  effected,  and 
was  informed  that  seven  pulleys  on  one  line  of  countershafting  had 
flown  to  pieces  on  the  occasion  of  one  main  engine  racing,  and  that 
the  broken  pulleys  had  smashed  an  equivalent  number  of  dynamos 
which  they  were  driving.  I  was  then  shown  an  ingenious  arrange- 
ment that  had  since  been  added  to  the  Corliss  cut-off  gear,  in 
preparation  for  the  next  occasion  of  racing,  by  which  steam  could  be 
instantly  cut  off  the  engines  by  pulling  a  cord  which  came  over  a 
pulley  on  the  ceiling.  These  cords  were  dropped  down  at  various 
points  in  the  station,  so  that  a  man,  say  at  the  switch-board,  could 
instantly  stop  any  engine.  Pulling  the  cord  released  a  weighted 
lever,  which  moved  a  cam  into  such  a  position  under  the  trip  gear 
that  steam  was  completely  shut  off  during  the  whole  of  the  stroke. 
At  the  time  of  my  visit  to  the  Atlantic  Avenue  Street  Bailroad 
power  house  in  Brooklyn,  broken  parts  of  one  of  the  large 
fly-wheels,  together  with  a  generator,  were  just  then  being  taken 
out  through  an  opening  in  the  station  wall,  which,  with  part  of 
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wiikiuBon  ^^^  ^^^'  ^^  ^^^  demolished  by  the  flying  pieces  of  a  racing 
engine.  The  facts  were  fully  reported  in  the  American  Press  at 
the  time,  and  the  engineer  in  charge  was  highly  spoken  of  for 
the  manner  in  which  he  endeavoured  to  avert  the  catastrophe. 
On  account  of  the  uncertainty  of  cut-outs  it  was  generally 
considered  that  the  generators  should  be  under-engined,  thus 
allowing  a  margin  for  overload. 

I  found,  on  the  other  hand,  that  some  of  the  more  recently 
planned  power  stations  were  equipped  with  direct-coupled  plant ; 
and  the  tendency  of  advanced  practice  in  America,  if  one  may 
take  the  plant  at  the  World's  Fair  as  an  indication,  was  certainly 
towards  direct  driving.  The  General  Electric  Company,  who  com- 
pletely equipped  the  very  successful  elevated  electric  railroad  of 
three  miles  in  extent  through  the  Exposition  grounds,  used  for  the 
most  part  generators  coupled  both  to  horizontal  and  vertical 
engines;  while  the  Westinghouse  Electric  C!ompany  supplied 
power  to  the  moving  sidewalk  from  a  large  dynamo  taking  the 
place  of  a  fly-wheel  between  the  high-  and  low-pressure  sides  of  a 
cross-compound  horizontal  engine.  This  company  also  exhibited  a 
160-H.P.  generator  direct-coupled  to  a  Westinghouse  high-speed 
engine,  such  as  regularly  used  in  their  power  stations. 

I  also  saw  well-arranged  direct-driven  sets  in  the  power  houses 
at  Milwaukee  and  Cleveland.  At  the  former  place  there  was 
a  very  large  Edison  plant,  with  boilers  on  an  upper  floor  and 
engines  below.  The  engines  were  of  600  H.P.,  vertical,  triple- 
expansion,  condensing,  each  driving  two  200-kilowatt  generators. 
At  Cleveland  the  power  house  of  the  Cleveland  City  Bailway 
Company  contained  four  vertical  triple-expansion  condensing 
engines,  by  the  Globe  Manufacturing  Company  of  Cleveland, 
of  560  H.P.,  three  driving  two  190-kilowatt  four-pole  gener- 
ators each,  and  one  driving  one  six-pole  generator;  the  maxi- 
mum output  of  the  station  being  2,800  amperes  at  500  volts. 
These  engines  were  fitted  with  Joy's  valve  gear,  controlled  by 
a  small  centrifugal  governor  through  the  medium  of  a  hydraulic 
valve. 

Dynamos  were  very  carefully  insulated  from  earth,  in  some 
cases  by  half  an  inch  of  sulphur  under  the  rails,  and  in  all  cases 
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by  wood  under  the  bed-plate,  and  where  direct-coupled  the  ^^^^j^j^^^ 
coupling  was  insulated.  This  precaution  is  necessary  where  over- 
head wires  are  used,  on  account  of  lightning,  to  prevent  a  side 
flash  between  coils  and  framework.  When  a  flash  does  pass  by 
the  machine,  the  damage  is  caused  by  the  current  of  the  machine 
following  up  the  flash.  The  "magnetic  blow-out"  and  "air- 
"  blast "  arresters  are  being  supplanted  by  Wurt's  water  tank 
arrester,  in  which  there  is  no  spark  gap.  The  well-known  action 
of  lightning  in  choosing  to  flash  from  coils  to  frame,  instead  of 
through  magnet  and  armature  coils  to  earth,  on  account  of  self- 
induction  in  the  latter,  is  utilised  in  preventing  its  reaching  the 
machine  at  all.  Coils  are  placed  in  the  line  circuit — a  sufficient 
number  being  in  multiple  to  carry  the  current — and  from  these  at 
intervals  connections  are  tapped  to  carbon  rods  dipping  into 
water  in  a  tank.  Lightning  is  checked  by  the  induction  of  the 
coils,  and  discharges  by  the  rods  and  water  to  earth.  By  the  use 
of  nmning  water  the  normal  loss  from  generators  is  reduced  to 
a  very  small  amount ;  and  by  using  a  small  branch  from  the  city 
water  mains,  with  overflow  pipe  for  this  purpose,  the  additional 
advantage  is  gained  of  a  good  earth. 

I  found  that  a  good  deal  of  power  was  tapped  oflf  the  500-volt 
tramway  circuits  for  supplying  private  motors.  On  the  Cleveland 
Electric  Eailway  Company's  system  there  was  350  H.P.  taken  oflf 
for  this  purpose,  the  motors  varying  in  size  from  one-eighth  to 
25  H.P.  The  tariflf  charged  was  20s.  per  month  per  H.P.  for 
3  H.P.  and  over,  or  at  the  rate  of  4d.  per  H.P.-hoiir ;  the  H.P. 
being  averaged  by  a  portable  meter  kept  on  the  circuit  for  a 
given  time. 

Improvements  have  been  made  in  the  design  of  street  car 
motors,  their  attachment  to  car  trucks,  and  in  decreasing 
their  weight  for  a  given  output.  Through  the  courtesy  of 
the  Greneral  Electric  Company  I  am  able  to  give  a  few 
particulars  of  their  latest  type  of  25-H.P.  motor,  known 
as  the  "G.E.  800  motor."  This  name  is  stated  to  be 
given  to  it  on  account  of  the  drawbar  pull  exerted  by  the 
motor  being  800  lbs.  on  ordinary  street  tracks,  with  33-inch 
car  wheels,  the  usual  single  reduction  gear,  and  rated  current. 
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The  dead  weight  has  been  reduced  to  1,450  lbs.,  or  730  lbs.  below 
the  former  standard  type  of  the  same  power,  viz.,  the  W.P.  50 
(waterproof  motor).  Next  to  reducing  the  weight  of  the  motor 
per  86  is  the  requirement  of  reducing  dead  weight  on  the  axles 
and  distributing  it  over  the  car.  By  the  usual  end  suspension 
about  half  the  weight  is  carried  by  the  axle,  and  half  by  a  cross-bar 
resting  on  springs;  but  by  a  new  arrangement  with  side-bar 
suspension  (Fig.  19),  the  whole  of  the  weight  is  taken  oflF  the 


Fio.  19. — Side  Suspension  of  Motor. 

axle.  The  side-bar,  B,  takes  the  weight  of  the  motor  at  the 
trunnion,  E,  and  is  itself  supported  by  link  bars  bolted  to  the 
frame  at  the  back  (A),  and  by  six  springs  in  front  at  F,  four 
of  which  take  the  weight,  and  two  resist  upward  pressure. 
The  wear  and  tear  of  the  track  is  by  these  devices  con- 
siderably reduced,  and  the  running  of  the  cars  improved.  The 
motor  is  enclosed  in  a  cast-iron  frame,  in  two  parts  hinged 
together,  the  same  forming  the  field.  There  are  two  field  coils, 
one  in  the  upper  and  the  other  in  the  lower  portion  of  the  field ; 
and,  as  these  are  wound  to  give  similar  poles,  two  additional 
consequent  poles  are  formed  between  them,  making  a  four-pole 
machine.  The  armature  is  cross-connected,  so  that  only  one  pair 
of  brushes  is  used;  and  these,  with  the  upper  field  coil  and 
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armature  leads,  are  fixed  inside  the  upper  half-frame  and  swing  Mr. 
back  with  it.  The  iron  of  the  field  is  of  course  to  earth,  and 
therefore  special  care  is  necessary  to  insulate  the  field  coils ;  but 
the  chance  of  a  fault  is  minimised  by  coupling  the  coils  to  the 
earth  return,  in  which  case  they  can  only  vary  by  a  few  volts 
from  the  potential  of  the  frame  itself.  The  axle  gear,  which  runs 
in  an  oil  chamber,  is  arranged  for  a  speed  reduction  of  4'78. 

The  latest  type  of  Westinghouse  motor  for  street  cars  is  built 
in  a  cast-iron  horizontal  frame,  on  which  are  hinged  the  upper 
and  lower  field  magnets,  so  that  the  armature  can  be  got  at  from 
above  or  below.  There  are  four  field  poles,  with  as  many  coils. 
The  armatures  are  drum-wound,  each  coil  being  wound  on  a 
former  of  the  size  of  a  quarter  the  circumference  of  the  core,  then 
taped,  and  slipped  into  its  place  between  the  teeth  of  the  core. 
The  wires  composing  the  coil  are  laid  so  as  to  form  a  flat  strip, 
which  goes  in  edgewise  between  the  teeth  and  lies  flat  at  the 
ends  of  the  drum,  so  economising  space.  The  whole  is  then 
covered  with  waterproof  matericil. 

There  are  various  types  of  "controllers,"  or  combination 
switches,  for  putting  the  two  motors  on  a  car  in  series  and 
parallel.  The  switch  handle  has  from  five  to  ten  notches,  giving 
diflferent  grades  of  speed.  The  first,  or  starting,  position  puts  the 
motors  in  series  through  resistances;  the  succeeding  steps  reduce 
the  resistances,  shunt  one  motor  out  of  circuit,  and  finally  put 
both  in  parallel.  There  is  also  a  side  lever  operating  a 
cylinder  of  contacts  for  reversing  the  motors.  I  tried  the 
experiment  on  one  of  these  controllers  of  making  the  motors 
act  as  an  electrical  brake.  Getting  them  first  up  to  full  speed, 
the  controller  was  put  back  to  starting  position,  current  switched 
oflf,  motors  reversed,  and  then  put  in  parallel  again.  The  slight 
diflference  in  excitation  between  the  motors  then  caused  one  to 
act  as  a  generator  and  drive  the  other,  making  a  very  powerftil 
and  quick-acting  brake.  A  single  switch  might  be  employed 
which  would  effect  these  changes,  and  so  prove  an  important  aid 
to  the  mechanical-  brake  in  an  emergency. 

In  Philadelphia  I  found  very  few  streets  with  overhead  wires 
and  learnt  that  an  active  policy  had  been  pursued  by  the  City 
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Electrical  Bureau  towards  the  placing  of  all  electric  wires  under- 
ground. One  overhead  trolley  line  was  in  operation,  but  the 
feeder  cables  were  all  in  underground  cement-lined  conduits. 
Mr.  D.  E.  Walker,  chief  of  the  Electrical  Bureau,  informed  me 
that  he,  in  company  with  the  director  of  the  Department  of 
Public  Safety,  had  examined  into  the  systems  of  electric  traction 
in  other  cities,  with  the  view  of  employing  the  most  suitable  for 
the  city  of  Philadelphia.  He  referred  me  to  his  report,  which 
summed  up  as  follows  : — 

"  The  overhead  system  or  electric  propulsion  of  street  cars  is, 
"  in  my  opinion,  better  fitted  for  small  towns  or  villages,  or  to 
"  connect  the  same,  or  for  the  suburbs  of  a  city  such  as  owr  own ; 
"  but  when  it  comes  to  introduce  electricity  as  a  motive  power  in 
"  the  heart  of  a  large  city,  the  circuits  conveying  the  power  for 
*'  the  same  can,  and  should,  be  picked  beneath  the  surface  of  the 
**  street.  It  has  been  effectually  proven  a  success  in  Chicago,  and 
"  is  now  being  introduced  to  a  large  extent  in  Washington,  D.C. ; 
*^  and  any  new  privileges  asked  for  in  this  direction  should  b^ 
*'  granted  only  on  condition  that  all  the  wires  used  for  such  a 
"  purpose  should  be  placed  underground.  The  only  difference 
"  between  the  overhead  and  underground  systems  is  in  the  matter 
*'  of  cost,  which  is  but  a  secondary  question  when  the  safety  and 
"comfort  of  our  people,  and  maintaining  the  beauties  of  our 
"  thoroughfares,  are  concerned.  Again,  a  more  reliable  service 
**  can  be  maintained  underground  than  overhead,  as  it  would  be 
"  free  from  interruptions  caused  by  fire,  falling  of  wires,  or  the 
"  action-  of  the  elements.  The  franchises  so  granted  are  im- 
"  mensely  valuable,  and  while  they  are  being  issued  the  interests 
"  of  the  city  should  be  taken  into  consideration,  and  provision 
"  made  underground  for  its  electrical  systems  and  for  the  lighting 
•*  of  its  highways." 

I  may  mention  incidentally  that  the  city  authorities  use,  or  own 
and  rent  to  private  companies,  about  26  miles  out  of  the  150  miles 
of  underground  conduit  laid.  I  refer  here  to  conduits  constructed 
for  the  reception  of  electric  cables  and  feeders,  not  for  tram-car 
propulsion.  The  wires  owned  by  the  city  are  for  telegraph  and 
telephonic  commimication  from  the  City  Hall  to  fire  and  police 
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stations  and  street  call  boxes,  of  which  there  is  a  most  complete  Mr. 
system,  and  for  the  electric  lighting  of  the  streets.  The  city 
contracts  with  lighting  companies  to  supply  lamps  and  current 
only,  posts  and  cables  being  erected  and  laid  by  the  city.  I  was 
very  much  impressed  with  this  imposing  and  beautiful  city,  and 
with  the  system  of  control  exercised  in  the  interest  of  the  citizens 
over  all  electrical  undertakings  by  the  Electrical  Bureau. 

Of  the  12,000  miles  of  tramway  in  the  United  States  and 
Canada,  about  7,200  miles  are  operated  by  electricity,  and  3,500 
miles  by  horses.  In  conclusion,  I  need  only  remark  how  well 
adapted  electric  traction  is  to  the  wants  of  the  people.  Following 
the  ordinary  highways,  where  business  is  done  and  people  con- 
gregate and  travel  to  and  fro,  tramways  aflford  at  once  a  means  of 
locomotion  that  is  readiest  to  hand  with  least  trouble  to  the 
traveller.  For  short  distances,  people  will  not  go  out  of  their  way 
to  get  on  the  railway,  or  climb  steep  staircases  to  elevated  roads, 
provided  that  the  street  tram-cars  travel  at  a  reasonable  speed, 
with  minimum  delay.  For  the  latter  desideratum  a  modification 
of  the  American  practice  in  cities  of  not  stopping  between  "  blocks  " 
might  be  adopted,  while  for  a  reasonable  speed  we  must  look  to 
other  means  of  propulsion  than  horses.  The  cable  system  is  very 
suitable  in  certain  localities,  such,  for  instance,  as  on  straight  and 
hilly  roads,  but  the  wear  and  tear  of  cable  is  enormous  on  curves. 
Steam  is  unsightly  and  obnoxious.  Electricity  affords  at  once 
rapid  and  noiseless  travel,  quick  control,  with  small  wear  and  tear, 
and  the  current  can  simultaneously  be  utilised  for  heating  and 
lighting  the  cars.  As  a  means  of  travel,  I  have  not  experienced 
in  the  States  anything  so  pleasant  as  their  well-lighted  and  fast- 
moving  electric  street  cars ;  and  I  cherish  the  hope  that  ere  long 
this  pubHc  boon  may  be  extensively  put  into  action  along  the 
streets  and  lanes  of  our  own  coimtry. 
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S.  KOLBSV— ON  THE  QUESTION  OF  THE  BEST  FREQUENCY  FOR 
ALTERNATECURRENT  WORKING. 

(Eiektrotechnische  Zeitschrift,  1894,  No.  6,  p,  77.) 

In  considering  this  qaestion  of  periodicity,  all  those  parts  of  the  system  which 
are  affected  hy  the  change  mast  he  taken  into  consideration — the  generators,  Uie 
motors,  the  transformers,  as  well  as  the  cahle  system.  The  following  phenomena, 
all  depending  on  the  frequency,  most  therefore  form  the  sahject  of  more  detailed 
inrestigation  :— 

1.  The  dependence  on  the  frequency  of  the  hysteresis  and  eddy-corrent  losses, 

which  in  their  turn  aCTect  efficiency,  heating,  and  cost  of  generators, 
motors,  and  transformers. 

2.  Increase  of  resistance,  self-induction,  and  capacity  of   the  mains  with 

increasing  frequency. 

3.  The  influence  of  frequency  on  the  parallel  running  of  generators,  and  the 

working  of  motors. 
In  connection  with  1,  the  author  gives  curves  for  charcoal  iron  0*5  nun.  thick, 
showing  the  hysteresis  and  eddy-current  losses  in  watts  per  c.c.  as  functions 
of  the  induction  density  at  frequencies  varying  from  10  to  500.  Now  the 
effective  area  of  iron,  S,  in  an  alternator,  motor,  or  transformer  with  a  primary 
winding  of  N  turns  and  a  pressure  £  volts  is  known  from  the  formula, 

. /2  .  E  .  10» 
2  ir  n  .  B  .  N 
wnere  n  is  the  frequency.  This  formula  shows  that  the  area  of  iron  diminishes 
directly  with  the  frequency  and  the  induction  density.  The  curves  show  that, 
since  the  induction  density  does  not  need  to  be  reduced  in  the  same  proportion  as 
the  rise  in  the  frequency,  raising  the  frequency  diminishes  the  area  of  the  iron,  thus 
decreasing  the  weight  of  iron  and  copper  in  the  machine.  Thus  the  machine  is 
cheaper  at  the  higher  frequency,  or  has  a  higher  efficiency.  Naturally  there  is  a 
limit  to  this,  brought  about  by  the  increase  of  the  heating  with  diminution  of 
raaiadng  surface.  Therefore  for  small  machinery  having  a  relatively  great 
surface  a  high  frequency  is  desirable,  and  where  each  feeder  is  supplied  by  one 
machine,  and  every  consumer  is  on  his  own  transformer,  as  in  America  is  veiy 
generally  the  case,  a  higher  frequency  should  be  used  than  in  cases  where  large 
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djnamoa  are  ran  in  parallel  and  transformer  sub-stations  are  in  use.  In  the  latter 
case  there  is  no  adrantage  in  mising  the  f reqnencj  above  60 ;  since  the  efficiency 
is  not  raised,  and  but  little  is  saved  in  weight  and  cost  of  machinerj. 

2.  The  chief  grounds  for  the  adoption  of  low  frequency  lie  in  phenomena 
occnrriug  in  the  cables^namelj,  the  *'  skin  effect "  in  large  secondary  conductors, 
and  the  self-induction  and  capacity  effects.  The  first  of  these  increases  with  the 
square  of  the  frequency,  and  shows  itself  as  drop  in  the  mains  in  addition  to  that  pro- 
duced by  the  ohmic  resistance.  A  curve  is  given  showing  the  percentage  increase 
of  resistance  as  a  function  of  diameter  at  yarious  frequencies,  which  shows,  among 
other  things,  that  at  a  frequency  of  140  f\J  cables  of  under  half  a  square  inch 
section  have  an  added  drop  of  25  per  cent,  due  to  skin  effect.  The  only  remedy  is 
to  uie  strip  or  concentrically  laminated  cables. 

The  effect  of  capacity  and  self-induction  is  to  raise  the  resistance,  B,  to  the 
yalue. 


R.-^R«+(2^-2-»l)*, 


I 


called  the  "  impedance/'  and  depends  on  the  distance  between  the  conductor  and  Its 
return,  with  the  diameter  of  the  conductor  and  the  frequency.  In  overhead  con- 
ductors this  may  be  a  very  serious  factor.  With  underground  cables,  howerer,  the 
capacity  may  neutralise  the  self-induction,  namely,  when 

2»iiCi  ' 

and,  as  in  most  cases  C  and  L  are  fixed  by  the  conditions  of  the  problem,  the 
frequency  should  be  chosen  so  as  to  make  the  above  equation  as  nearly  as  possible 
true. 

The  effect  of  capacity  in  overhead  working  is  often  over-estimated.  In  some 
experiments  conducted  at  CErlikon  on  a  line  46  kilometres  long,  10  metres  above 
the  ground,  of  0*25  microfarad  capacity,  the  loss  due  to  the  charging  current  of 
1*65  amperes  was  less  than  1  per  cent,  of  the  output  that  could  be  carried  by  the 
wire  with  10  per  cent,  loss  of  pressure,  and  the  current  was  about  10  per  cent, 
of  the  normal  load  current. 

Such  effects  as  the  increase  of  the  transformation  ratio  of  transformers  and  the 
rise  of  pressure  at  the  end  of  the  line  can  be  corrected  by  proper  design  of  the 
transformers,  so  long  as  the  capacity  current  does  not  seriously  load  the  transformers 
and  line. 

8.  The  author  refuses  to  theoretically  discuss  parallel  working,  as  this  depends 
largely  on  the  type  of  machine  used,  and  the  frequency  is  not  the  sole  factor 
There  are  stations  on  the  Continent  where  with  a  frequency  of  40  (\J  greater 
difficulty  is  experienced  than  in  England  with  lOJ  (\J,  or,  even  in  exceptional 
cases,  in  America,  with  140  r\J' 

It  may  be  noted  that  for  design  of  motors  the  lower  frequencies  are  better,  as 
they  permit  a  reduction  of  the  number  of  pole?.      At  130  f\J  a  motor  would 
require  from  10  to  20  poles,  where  at  50  (^     it  only  requires  4  to  8.      The  light 
load  current  increases  directly  with  the  number  of  poles,  and  also  ^' 
current.      The  author  therefore  holds  that  in  general  50  to  GO  (^ 
frequency. 
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W.  Kinn— ON  THE  RELATION  OF  MAGNETIC  HYSTERESIS 
TO  TEMPERATURE. 

{EUktT9techni$che  Zeitsckrifly  1894,  No.  14,  p.  194  ) 

Thie  author  has  already  published  in  1892  a  short  notice  of  the  faet  that 
hysteresis  diminishes  with  IncreasiQg  temperature,  and  the  following  results  have 
been  obtained  from  a  long  series  of  observations  of  thb  i^nomenon.  Four  kinds 
of  iron,  two  of  steel,  and  one  of  nickel  have  been  the  subject  of  investigation. 
Special  difficulties  occurred  in  maintaining  the  wire  samples  at  the  high  tempera- 
ture for  the  required  length  of  time,  and  in  the  measwement  of  these  temperaluses, 
and  therefore  the  methods  are  more  particularly  described. 

Measurement  of  Tbmperatuse. 

Thermo-electric  junctions  were  used,  consisting  of  a  platinum  wire  twisted  for 
about  1*5  cm.  of  length  round  a  wire  of  platinum  containing  10  per  cent,  of 
rhodium.  Two  such  couples  were  used,  whose  free  ends  were  brought  well 
insulated  to  a  mercury  switch,  by  means  of  which  each  couple  could  be  connected 
to  a  Deprez-d'Arsonval  galvanometer  having  about  200  ohms  resistance.  The 
temperature  of  the  junctions  at  switch  and  galvanometer  was  always  the  same— 
about  20°  C.  The  calibration  of  these  couples  up  to  800*^  C.  was  done  by  an 
accurate  mercury  thermometer,  plunged  with  one  couple  into  oil,  which  was 
warmed  up  in  large  beakers  surrounded  with  asbestos  and  kept  well  stirred. 
The  galvanometer  deflections  corresponding  to  the  temperatures  from  40°  to  800® 
were  noted.  From  300^  upwards  the  calibration  was  done  by  utilising  the  known 
fusing  points  of  certain  substances  melted  by  a  gas  furnace:  the  junction  was 
placed  in  the  molten  material,  the  flame  lowered,  and  the  deflection  noted  when 
solidification  began.  Each  couple  was  separately  calibrated^ the  outside  junctions 
being  kept  at  a  constant  temperature  by  immersion  in  petroleum  at  20^  C. 

The  substances  used  and  temperature  measured,  or  assumed  from  Bdmstein- 
Landolt's  tables,  were  as  follows : — 


Substance  Wanned 
or  Melted. 

Temperatore  or 
Melting  Point. 

Qalvanometer 
Deflection. 

Oil 

9,       ... 

9,       ...        . 

„       ... 

„        •••        . 

,9        ... 

KCIO,. 
PbCl      . 
IK...     . 
KCl 

NaCl      . 
Na.  80^ 

.     ... 

Deg. 

40 

73 
104 
HO 
200 
300 
859 
498 
634 
734 
772 
861 

16-0 

27-2 

380 

608 

77-6 

125-4 

1656 

244-4 

330-2 

393-6 

417-8 

474-2 
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Method  or  Hkatixo. 

LedeSoer  has  already  ased  the  method  adopted — namely,  winding  an  insulated 
platinum  wire  round  the  test  wire,  and  heating  it  by  passing  a  current  through. 
The  iron  wire  was  contained  in  a  porcelain  cylinder  having  a  suitable  opening  to 
take  the  thermo-conple,  and  round  this  cylinder  was  wound  (non-inductirely)  the 
platinum  wire.  The  insulation  between  the  couple  and  the  platinum  was  tested 
before  each  observation.  This  platinum  coil  was  surrounded  by  layers  of  asbestos, 
among  which  the  wires  of  the  thermo  couple  were  led  out  The  tube  thus  formed 
wa9  placed  inside  a  glass  tube  and  accurately  centred  by  suitable  packing.  This 
tube  was  placed  again  in  another  glass  tube  with  asbestos  distance  pieces.  A 
current  of  hydrogen  passing  through  the  inner  tube  protected  the  wires  from 
oxidation.  To  protect  the  magnetising  coil  against  the  high  temperatures,  a 
hollow  tube  of  pure  copper  was  placed  between,  and  a  stream  of  water  kept 
passing  through  it,  and  this  had  to  be  insulated  by  asbestos  from  the  glass  tubes 
to  prevent  their  breaking.  Observation  showed  that  no  heat  passed  through  this 
jacket  The  two  couples  always  agreed  in  their  indications,  thus  showing  that  the 
wire  was  evenly  heated. 

Tbe  Maonbtio  Obsbevatioiis. 

As  indicated  above,  the  test  wire  was  a  long  straight  piece  ;  its  condition  was 
observed  by  magnetometer,  by  the  ^*  single  pole  "  method.  The  magnetising  coil 
is  placed  vertically  in  the  direction  east  and  west  from  the  magne:ometer,  and  the 
top  end  of  the  magnetised  wire  is  on  a  level  with  the  instrument  The  alteration 
in  the  position  of  the  pole  due  to  differences  in  induction  density  affect  the 
distance  between  magnetometer  and  wire  so  little  as  to  be  negligible.  The 
vertical  component  of  the  earth^s  field  must  be  taken  into  account.  In  magnetisiog, 
the  cycle  was  always  performed  a  few  times,  until  the  curve  became  regular. 
Then  a  series  of  observations  at  varying  temperature  of  a  certain  cycle  was  taken, 
generally  with  maximum  B  >-  8,590  (about),  (intil  at  the  high  temperature  (8dO^  C. 
or  so)  the  magnetism  disappcare').  Then  another  cycle  after  cooling.  Suitable 
arrangements  were  made  for  compensating  for  the  effect  of  the  magnetising  coil 
itself  on  the  magnetometer,  and  for  demagnetising  by  reversals  of  a  gradually 
diminishing  current. 

The  stren^^h  of  field  in  the  middle  of  the  solenoid  is  calculated  from  the  well- 
known  formula, 

"  "  10    T' 
where  N  »  number  of  turns,  C  >-  the  current  in  C.G.S.  units,  and  /  «  the  length 
of  the  solenoid ;  and  the  induction  was  calculated  from  the  magnetometer  deOectiot^ 
by  means  of  the  known  value  of  the  horizontal  component  of  the  earth's  field. 
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Results. 
The  following  tables  are  for  a  maximum  induction  density  of  3,590,  and  are 
the  mean  of  four  series  *. — 


MateriaL 

Tempera- 
ture. 

HjsteresisLoes. 
Ergs. 

HateriaL 

Tempera- 
ture. 

Hystereais  Loce. 
Ergs. 

German 
annealed 
charcoal     J 
iron 

Deg. 
20 

290 

470 

656 

728 

836 

20 

2,350 

1,600 

1,204 

710 

550 

316 

2,107 

Swedish     | 
iron 

Deg. 
20 

270 

460 

650 

742 

812 
20 

2,690 

2,080 

1,550 

906 

825 

712 

Indefinite 

Soft        i 
wrought    < 
iron 

20 
284 
468 
656 
744 

20 

3,420 

2,480 

1,750 

821 

800 

900 

Puddled     1 
< 
iron 

20 
276 
460 
560 
b56 
744 

20 

3,100 
2,270 
1,780 
1,810 
979 
777 
2,090 

These  values  show  wheu  plotted  as  curves  that  the  equation,  L  —  a  —  5  f, 
where  L  is  the  hysteresis  loss  and  t  the  temperature,  and  a  and  h  constants, 
expresses  fairly  the  law. 


Material. 

Temp. 

Hyst.  Lorn 
in  Ergs. 

Material. 

Temp. 

Hyst  Loes 
inErga. 

^ 

"^ 

11,540 

"^ 

9,660 

309 

11,580 

309 

9,860 

Hard    patent     J 

526 

6,040 

Patent    cast 

468 

4,950 

steel    

660 

2,200 

steel     ' 

560 

1,985 

790 

1,180 

640 

1,614 

L 

20 

5,230 

744 

1,048 

\ 

20 

4,670 

These  two  kinds  of  steel  had  for  ordinary  temperatures  cycles  in  shape  like  a 
rhombus,  altering  in  shape  about  300°,  even  increasing  in  area,  and  between 
this  and  470°  changing  in  form  to  that  of  an  ordinary  iron  curve  and 
decreasing  greatly  in  area.  The  character  of  the  steel  is  lost  after  heating,  as 
shown  by  the  final  observations,  and  it  becomes  also  quite  soft.  There  is  no 
simple  relation  between  hysteresis  loss  and  temperature. 
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Ctglks  for  Hiohbb  Valuks  or  Induotiox  DBiraiTr. 
The  following  tables  relate  to  charcoal  iron :— 


R 

Temp. 

LOM. 

B. 

Temp. 

Loss. 

^- 

8,900 

/ 

"To 

21.020 

270 

6,690 

270 

14,840 

7,200       1 

468 
570 

4,660 
3,340 

14,400     ^ 

470 
570 

9,900 
7,550 

668 

2,270 

— 

— 

\ 

744 

2,168 

\ 

— 

— 

For  higher  temperatures  than  570,  B  ^  14,400  could  not  be  reached. 

These  results  show  that  the  above  law  also  holds  good,  generally  speaking, 
for  higher  values  of  induction  density. 

The  corresponding  results  for  steel  show  that  the  characteristics  described  for 
the  lower  values  of  induction  density  hold  also  for  the  higher.  In  all  the 
above  cases  a  new  wire  was  taken  for  each  series  of  observations.  When  an  iron 
wire  was  subjected  to  repeated  cycles  of  temperature  and  magnetisation  the 
hysteresis  losses  decreased  up  to  the  fourth  cycle  of  temperature,  and  then  became 
uniform ;  the  results  of  each  temperature  cycle  being  expressible  as  a  straight  line, 
but  of  different  inclination.  The  steel  wire  has  the  first  temperature  cycle  as 
already  described,  and  the  remainder  behave  like  the  soft  iron. 

In  the  case  of  nickel,  subjected  to  a  cycle  of  maximum  B  *  3,590,  it  was 
found  that  the  hysteresis  fell  with  the  increase  of  temperature  at  first  rapidly,  and 
afterwards  increasingly  slowly:  it  fell  from  11,420  ergs  at  20°  to  4,700  ergs  at 
288*». 

One  of  the  most  important  results  is  the  fact  that  repeated  cycles  of  magnetism 
at  a  high  temperature  reduce  the  hysteresis  loss  in  iron  very  considerably,  and  it 
would  appear  that  this  is  also  the  result  of  one  cycle  at  a  very  high  temperature. 


—  FAS8AVAHT— CONTRIBUTIONS    FROM    THE  EXPERIENCE  OF 
THE  BERLIN   ELECTRICITY  WORKS. 

(ElektrotechnMe  Zeitschrift^  1804,  No,  1<?,  p.  230.) 

In  the  first  portion  of  this  paper,  a  summary  of  the  results  of  the  working  of 
the  two  systems  for  localising  and  signalling  faults  on  the  mains  of  the  Berlin 
company  is  given.  The  principle  of  iheqe  systems  is  ronghly  as  follows:— 
The  first — that  of  Herr  Agthe — utilises  the  pilot  wires  of  the  two  outer  mains  of  the 
three-wire  system  to  signal  the  occurrence  of  a  disturbance,  and  this  is  effected 
by  connecting  each  to  the  pole  of  the  dynamo  opposite  to  that  connected  to  the 
main  with  which  they  are  run  by  means  of  a  lead  wire  in  the  junction  box,  and  in 
the  station  passing  them  round  a  relay.  When  the  pilot  wire  and  the  main  core 
cease  to  be  insulated  from  one  another,  a  current  passes  which  rings  the  relay  bell, 
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while  the  fase  in  the  junction  box  is  blown.  The  position  of  the  fault  if  indicated 
bj  the  feeder  on  which  the  disturbance  takes  place. 

In  Dr.  Kallmann's  system,  the  differences  of  potential  set  np  in  the  earth  by 
a  leakage  cnrrent  are  employed  to  actuate  the  relay.  The  middle  pilot  wire  is 
earthed  at  as  many  points  as  possible,  and  connected  through  a  relay  at  the 
station  again  to  earth.  An  earth  contact  on  the  main  alters  the  potential  of  the 
earth  in  its  vicinity,  and  the  relay  joined  to  the  wire  affected  has  a  current  through 
it  which  gives  the  alarm. 

During  the  nine  months  in  which  they  have  been  in  working  order,  the  relays 
have  given  14  alarms,  due  to  the  following  causes: — Three  faults  in  house  conncc- 
tioQs^six  leaks  "due  to  water  in  the  junction  boxes,  and  five  faults  on  the  mains 
themselves.  All  cases  where  the  pilot  wire  alone  leaked  are  not  ioclnded.  The 
Agthe  relays  were  the  ones  to  give  most  of  the  alarms. 

The  causes  of  the  failures  were  as  follow: — In  the  house  connections  the 
faults  are  nearly  always  due  to  damp,  and  can  be  removed  by  special  attention  to 
this  point.  Water  in  the  junction  boxes  is  much  more  serious.  The  electroljMi 
which  takes  place  sometimes  destroys  the  box  completely,  and  the  affair  ainst  be 
taken  in  hand  quite  early,  before  the  water  accumulates  to  a  seiiom  extent.  Tkis 
is  done  by  baring  the  wire  connecting  the  pilot  wire  flcrew«,  passing  it  throogfa  an 
ebonite  tube  with  open  ends,  and  laying  it  on  the  bottom  of  the  box.  A  small 
quantity  of  water  short-clrcaite  the  pilot  wire  to  earth,  and  the  relay  ringi  until 
insulation  is  restored.  Of  the  five  faults  signalled  on  the  mains  themselves,  three 
were  due  to  blows  with  a  pick,  and  two  to  failure  of  the  cable  itself.  The  author 
considers  that  the  signalling  apparatus  is  well  worth  its  cost,  and  is,  in  fact, 
indispensable. 

Leaving  this  question,  the  author  records  th»  progress  of  power  supply  in 
Berlin.  There  are  358  motors,  with  1,200  H.P.  on  the  mains,  and  over  100  H.P. 
more  are  in  contemplation.  In  1892-93  the  power  sold  for  motors  was  238,000 
kilowatt-hours,  and  in  the  first  eight  months  of  the  year  1893-94  the  total  has 
reached  876,000  B.T.U.  This  large  consumption  is  due  to  the  low  price,  wlueh 
was  fixed  at  8d.  in  1891,  and  is  now  reduced  to  2{d.  The  number  of  hours  a  day 
run  by  each  H.P.  connected  has  increased  from  1'25  in  1892  to  1*8  now.  Thus 
the  motors  are  being  used  for  longer  hours  than  at  first. 


A.  KOBPSBIr-APPARATDS  FOR  THE  DETERMINATION  OF  THE 
MAGNETIC  QUALITIES  OF  IRON  IN  ABSOLUTE  MEASUREMENT. 

{EUktrotechnische  Ztitschrift,  1894,  No.  15,/j.  214.) 

The  principle  of  this  apparatus  is  as  follows :— The  mascnetic  circuit  is  mmilwr 
to  that  of  a  dynamo.  The  test  piece  forms  the  yoke,  passing  through  the  single 
magnetising  coil,  and  fitting  by  long  joints  into  massive  iron  limbs,  forming  the  retun. 
This  return  has  a  circular  opening  v  ith  a  core,  like  the  poles  and  armatnre  ooare  of 
a  dynamo,  and  in  the  air  space  thus  formed  a  coil,  carrying  a  cnrrent,  is  pivoted. 
This  carries  a  pointer,  whose  deflection  is  a  measure  of  the  indmetion  in  the  air 
spaoe. 
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It  10  foand  under  these  conditions  that  the  true  curve  of  the  iron  can  be 
obtained  bj  shearing  the  carve  obtained  in  a  certain  way.  Curves  of  yarious  kinds 
of  iron  are  given,  as  obtained  by  the  machine,  and  the  methods  of  calibration  are 
fully  described. 


F.  LSHARD— ON  THE  MAGNETIC   DEFLECTION   OF 
CATHODE  RAYS. 

(  Wiedemann's  AnnaUn,  Vol.  52,  No.  6,  p.  23.) 

Cathode  rays  are  deflected  by  a  magnet.  This  deflection  is  not  always  the 
same  in  a  field  of  given  strength  ;  it  increases  (in  the  ordinary  vacuum  tube)  with 
increasing  pressure  of  gas.  It  has  generally  been  concluded  that  this  is  due  to  the 
lower  speed  of  the  **  radiant  matter  ;  *'  but  if,  as  the  author  thinks  he  has  proved, 
the  rays  are  ethereal  phenomena,  this  cannot  be  the  reason.  The  author  finds  now 
that  conditions  which  must  have  the  greatest  influence  on  the  speed  of  radiant 
atoms  have  no  effect  on  the  deflection  by  a  magnet. 

The  author  produces  his  cathode  rays  in  a  tube  separated  from  that  iu 
which  the  deflection  is  effected,  just  as  in  his  other  experiments,  and  the  rays  pass 
out  through  an  aluminium  window  into  the  outer  tube  where  the  deflection  takes 
place;  the  two  tnbts  are  exhausted  separately. 

If  the  conditions  of  prodvction  of  the  rays  are  kept  constant,  and  the  pressure 
in  the  outer  tube  is  lowered,  it  is  fonnd  tbvt  in  a  range  of  pressure  from  33  mm.  to 
0*021  mm.  no  alteration  in  deflection  is  produced,  and  this  nmge  ii  100  times  as 
great  as  any  which  has  hitherto  been  under  observation ;  higher  pressures  could  not 
be  used  owing  to  the  turbidity  of  the  medium,  which  renders  the  spot  produced  by 
the  cathode  ray  ill  defined*  But  when  the  pressure  in  the  outer  tube  is  kept 
constant,  and  varied  in  the  producing  tube,  the  deflection  varies,  increasing  with 
increased  prefsare. 

Keeping  the  conditions  of  production  again  constant,  it  was  found  that,  whether 
hydrogen,  oxygen,  or  carbon  dioxide  were  the  gas  in  the  outer  tube,  the  deflection 
was  the  same. 

The  deflection  was  independent  of  the  intensity  of  the  rays.  If  an  additional 
aluminium  screen  twice  the  thickness  of  the  window  were  interposed  in  the  path 
of  the  rays,  and  the  rays  were  thus  much  weakened,  the  deflection  remained  the 
tame.  This  experiment  was  performed  in  air  at  0*024  mm.,  in  hydrogen  at  20  mm., 
and  in  oxygen  at  0*03  mm.  pressure.  The  attempt  to  alter  the  deflection  of 
the  rays  by  any  alteration  whatever  in  the  observing  space  was  completely 
unsuccefiful. 

The  anthor*s  earlier  researches  showed  that  in  a  turbid  or  semi-turbid  medium 
the  rays  produced  at  lower  pressures  are  leas  diffused  than  those  produced  at  higher 
preasures.  He  now  finds  that  the  more  diffusible  rays  are  more  deflected  by  a 
given  field.  It  is  probable  that  every  kind  of  cathode  ray  has  its  own  special 
amount  of  deflection  which  it  retains  under  all  circumstance?,  and  cathode  rays 
would  probably  best  be  characterised  by  this  quality.  A  peculiar  deformation  of 
the  phosphorescent  spots  was  noticed  when  deflected.  When  undeflected  the  spot 
has  a  core  surrounded  by  a  lighter  penumbra,  the  relative  amount  of  this  penumbra 
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depending  on  the  turbidity  of  the  medium.  In  very  turbid  media  there  i0  no  core ; 
in  very  highly  exhausted  tubes  there  is  no  penumbra.  It  was  found  that  in  every 
case  the  penumbra  was  more  deflected  than  the  core.  This  shows  that  at  a  given 
pressure  in  the  producing  tube  rays  of  a  certain  degree  of  diffusibility  preponderate 
and  form  the  core  ;  but  there  are  also  produced  rays  of  greater  diffusibility  which 
form  the  penumbra,  and  which  are,  as  has  been  stated,  also  more  deflected  by  the 
magnet  It  is  found  in  some  cases  that  where  no  penumbra  occurs  in  the  unde- 
flected  spot,  owing  to  the  rarity  of  the  medium  in  the  observing  space,  the  same 
phenomenon  of  part  of  the  rays  being  more  deflected  than  others  occurs.  These 
phenomena  form  a  sort  of  magnetic  spectrum  of  the  cathode  rays ;  as  in  the  case  of 
light  with  rays  of  di^erent  refrangibility,  so  here  the  rays  of  different  diffusibility 
and  deflectibility  are  separated  in  space  from  one  another. 

The  author  says,  in  conclusion,  that,  according  to  Hertz's  experiments,  the 
action  is  not  one  of  the  magnetism  on  the  rays  themselves,  but  on  the  medium 
which  they  traverse.  But  the  medium  has  been  shown  by  the  author  to  be  the 
ether  itself,  for  the  curvature  was  found  to  be  completely  independent  of  the 
nature  and  density  of  any  ponderable  matter  present,  and  was  seen  in  the  highest 
possible  vacuum.  Cathode  rays  therefore  give  evidence  of  an  alteration  of  the 
condition  of  the  ether  between  the  magnet  poles,  as  is  demanded  by  the  theory  of 
the  action  at  a  distance  which  they  produce. 


r.    IRXZnS    and   O.    FROMM— THE    FORMATION    OF  FLOATING 
METAL  SHEETS  BY  ELECTROLYSIS. 

{Wiedemann's  Annalen,    Vol.  51,  No.  4,  p,  693.) 

The  authors'  attention  was  called  to  the  phenomenon  which  they  here 
investigate  by  the  accidental  observation  of  a  formation  of  floating  sheets  of  metal 
during  the  electrolysis  of  a  concentrated  solution  of  zinc  sulphate. 

If  a  flat  vessel  be  provided  in  which  is  laid  a  plate  of  zinc  about  5  square 
cm.  in  area  as  an  anode ;  if  this  be  covered  with  about  2  cm.  depth  of  a 
50  per  cent,  solution  of  zinc  sulphate,  and  tbe  upper  surface  be  touched  with  a 
platinum  wire  about  0*2  mm.  thick,  serving  as  cathode,  so  that  the  solution  rises 
round  it  by  capillary  attraction  ;  and  if,  Anally ,  these  electrodes  be  joined  up  to  a 
GUlcher  thermopile  of  about  3  volts  pressure,  there  begins  to  be  formed  round  the 
cathode  wire  a  shining  zinc  p!ate  which  floats  on  the  liquid,  and  gradually 
increases  the  area  of  its  circular  surface.  In  a  few  minutes  it  attains  an  area  of 
several  square  centimetres.  This  plate  itself  acts  as  cathode,  and  as  it  grows  the 
strength  of  current  rises  up  to  0*1  ampere.  Its  thickness  increases  very  little,  as 
the  current  posses  chiefly  through  the  edge  of  the  plate,  but  in  a  some ia hat 
irregular  manner.  After  a  certain  time  the  plate  formed  is  not  unlike  a  leaf  of 
vegetable  formation,  with  distinct  veining.  The  upper  surface  of  thii  film  is  dry, 
and  shines  metallically  ;  the  under  side  is  also  white,  but  less  brilliant. 

The  anode  may  also  be  arranged  at  the  fide  of  the  cathode,  or  it  may  take 
the  form  of  a  wire.  A  cylinder  of  zinc  plate  is  very  suitable,  the  cathode  being 
at  its  centre.     In  this  way  plates  of  zinc  can   be   produced  by  a  current  of   10 
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amperes  haring  a  diameter  of  10  cm.  and  a  thickness  of  0*2  mm.  The  experi- 
ment is  not  always  snccessfal,  especially  if  the  solation  of  zinc  sulphate  is  very 
clean,  and  the  cathode  wire  porified  from  organic  matter  hy  heating  to  red  heat. 
On  the  other  hand,  a  little  oil  on  the  surface  works  very  favourably  for  the  success 
of  the  experiment.  Under  these  conditions  the  film  is  formed  between  the  oil 
and  the  zinc  sulphate.  The  effect  of  oil,  especially  of  oil  of  turpentine,  is  so 
remarkable  that  the  formation  appears  almost  to  be  caused  by  some  oily  foreign 
substance  on  the  surface  of  the  solution.  If  the  glass  vessel  contain  chloroform 
or  some  similai  substance  of  great  density,  on  which  the  zinc  sulphate  floats,  and 
the  cathode  touch  the  solution  through  the  chloroform  from  below,  the  film  is 
formed  underneath  the  zinc  sulphate  In  the  inverse  manner. 

The  zinc  film  follows  the  capillary  raising  or  sinking  of  the  surface,  and  has 
the  property  of  growing  round  any  obstacle  which  may  be  in  the  way.  It  is 
therefore  possible  to  completely  enclose  drops  of  foreign  matter  which  float  in  the 
solution  with  a  film  of  zinc  by  touching  them  with  a  cathode  wire  insulated 
nearly  to  the  end.  Such  drops  may  consist  uf  chloroform  and  turpentine  mixed 
together. 

The  experiment  will  not  succeed  in  a  vacuum,  nor  in  oxygen,  hydrogen,  or 
nitrogen ;  its  occurrence  appears  to  depend  on  the  presence  of  free  oxygen,  and 
the  oils  which  help  the  formation  of  the  film  all  contain  more  or  less  oxygen  in 
an  active  form. 

The  experiments  with  zinc  were  followed  by  others  with  silver.  On  a  con- 
centrated solution— about  20  per  cent.— of  silver  nitrate  containing  an  excess  of 
ammonia,  shining  films  of  silver  are  produced  under  the  same  conditions  as 
described  above  for  zinc ;  but  these  films  are  more  brittle  than  those  obtained  with 
zinc  sulphate.  In  this  case,  also,  oily  impurities  on  the  surface  assist  the  formation 
of  the  films.  The  necessity  for  the  presence  of  oxygen  was  only  certainly  observed 
with  somewhat  weak  solutions. 

Films  could  also  be  produced  in  solutions  of  copper,  cadmium,  cobalt,  iron, 
and  antimony ;  on  the  other  hand,  the  less  easily  oxidisable  metals,  such  as  nickel, 
gold,  and  platinum,  appeared  not  to  be  suited  to  the  formation  of  films.  In  every 
case  in  which  the  formation  took  place  the  conditions  appeared  to  be  the  presence 
of  an  impurity  not  capable  of  solution  in  water,  and  free  oxygen  capable  of 
producing  a  chemical  reaction.  The  thickness  of  the  oil  film  is  of  no  ])articular 
importance. 

Finally,  the  observation  was  made  that  conducting  oxides  and  sulphides — as, 
for  instance,  the  lower  oxides  of  silver  and  of  cadmium,  peroxide  of  lead,  and  so 
on— could  spread  themselves  from  suitable  solutions  in  the  form  of  films. 


AHOH.— THE  ELECTRIC  RACK-RAILWAY  ON  MONT  SALfeVE. 

{EUktrot€ehnische  ZetUchrift,  1894,  No.  21,  p.  289.) 

This  is  an  interesting  addition  to  the  extensive  system  of  tramways  already 

existing  in  Geneva  and  the  neighbourhood.     The  ascent  of  Mont  Sal&?e  is  a 

well-known  trip  from  Geneva,  and  the  mountain  is  a  limestone  chain  having  three 


60.^  ABSTRACTS. 

more  or  less  defined  summits,  to  one  of  which — the  Grand  SaUve,  about  4,500  feet 
above  the  Lake  of  Geneva— the  rack-railwaj  ascends.  The  railway  ends  at  Treize, 
Arbres,  about  500  feet  below  the  summit,  whence  fine  yield's  are  obtained  of  Mont 
Blanc,  the  valleys  of  the  Ane  and  the  Rhone,  the  Lake  of  Geneva,  and  the  Jura. 
The  line  is  constructed  under  a  concession  from  the  departmental  authorities  of 
Savoy,  and  is  entirely  on  French  territory.  This  railway  is  the  first  instance  of 
electric  traction  applied  to  gradients  of  25  ])er  cent.  ;  its  gauge  is  1  m.  It  starts 
from  two  points,  Etrembi^res  and  Veyrier.  both  about  1,800  feet  ab<we  the  sea, 
and  connected  with  Geneva  by  existing  steam  railways,  9  and  6  kilometres  long 
respectively.  The  Etrembi6res  branch  ascends  the  steep  slopes  of  the  Petit  SaUve 
and  has  free  views  over  the  lake ;  the  Veyrier  branch  goes  through  a  romantic 
gully  between  the  Petit  and  the  Grand  SaUve,  and  joins  above  this  the  other 
branch.  At  this  point,  about  2,000  feet  above  the  sea,  the  railway  winds  up  the 
slopes  of  the  Mont  Stil6ve  partly  through  woods,  but  mostly  on  bare  spots.  It  has 
three  branches,  each  about  two  mile 4  long,  with  the  Monnetier  Station  as  a  centre. 
The  total  length  is  9*1  kilometres,  of  which  about  a  third  is  on  very  sharp  curves. 
The  whole  accent  from  Etrembi^res  to  Treize  Arbres  is  about  2,250  feet,  the 
steepest  ascents  being  gradients  of  20  to  25  per  cent.  The  permanent  way  consists  of 
a  rail-bed  11  feet  6  inches  wide— special  prec  lutions  being  taken  against  shipping — 
carrying  VIgnolcs  rails  of  33  lbs.  weight  per  metre,  bolted  to  steel  sleepers.  These 
rails  are  8*4  cm.  high.  The  central  rail  is  of  the  Abt  form,  and  is  single  on  gradients 
of  under  10  per  cent.,  and  double  on  steeper  slopes.  On  the  Abt  system  each  of 
these  has  two  rocks,  with  the  teeth  in  opposite  pha<!e,  so  that  on  the  steep  gradients 
the  train  has  four  points  of  support.  The  rails  are  all  designed  for  a  maximum 
weight  of  car  of  8  tons,  but  the  actual  weight  is  14  tons.  The  teeth  are  5  cm.  deep, 
and  7  cm.  long  at  the  root,  calculated  to  stand  2  OD  tons,  and  have  to  stand  a  pressure 
of  3'C  tons  actually,  but  this  is  divided  among  two  or  four  teeth,  owing  to  the 
double  rack,  so  that  there  is  a  certain  factor  of  safety  ;  but  the  author  considers 
that,  seeing  that  everything  depends  on  these  teeth,  the  safety  factor  is  not  enough. 
The  fixing  on  the  rack  is  precisely  similar  to  that  on  the  Brienz-Rothhorn  Railway. 
Each  rack  is  1  *8  metres  long,  and  has  a  weight  of  28  lbs.  per  metre.  The  length 
of  line  having  single  racks  is  3*8  kilometres,  and  the  rest,  5*8  kilometres,  has  double 
sets.  The  crossings  and  junctions  are  of  the  well-known  Abt  type  now  in  universal 
use. 

The  conductor  is  also  a  Vignole^  rail,  inverted,  and  carried  on  suitable  supportg 
at  the  side  of  the  way,  being  about  1  foot  8  inches  from  the  nearest  rail.  The  flat 
foot  used  for  the  contact  slider  is  85  cm.  above  the  sleepers,  and  26*6  cm.  above  the 
rails.  The  rail  is  carried  on  double-bell -shaped  porcelain  insulators,  and  the  con- 
nection is  made  from  rail  to  rail  by  a  copper  ftsh -plate  bolted  and  sweated  on. 
The  excessive  changes  of  temperature  in  some  portions  made  a  flexible  copper 
connection  necessary.  This  work  complete  co}t  40,000  M.  (£2,000)  per  kilometre, 
of  which  16,000  are  for  the  ordinary  rails  and  permanent  way,  16,000  for  the  rack, 
and  8,000  for  the  conductor. 

Elbotbical  Station. 
This  is  placed  at  Arthaz,  some  1,350  feet  above   the   sea,  where  the   river 
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Aire  makes  a  great  bend ;  it  is  dammed  np  br  a  dam  80  m.  long,  and  delivers 
at  a  minimum  20  cubic  metres  per  second,  with  a  fall  of  about  3  metres,  being 
equivalent  to  about  800  H.P  ,  which  it  turned  into  560  H.P.  of  mechanical  c  \tTgy 
by  turbines  of  70  per  cent,  efficiency.  Trouble  has  been  experienced  from  sand 
and  stones  in  the  water,  which  even  a  strong  wire  netting  in  front  of  each  turbine 
chamber  has  not  been  enough  to  check  in  flood-time.  The  tail  race  is  a  tunnel 
6  metres  wide  and  150  metres  in  length.  The  present  motive  power  is  delivered 
by  two  Jonval  turbines,  with  space  for  a  third ;  the  diameter  of  these  is  10  feet, 
and  they  rotate  45  to  60  revolutions  per  minute.  The  three  deliver  250  H.P.  A 
smaller  turbine  of  28  H.P.  drives  the  exciter,  and  is  automatically  regulated 
for  constant  speed,  the  others  being  regulated  by  hand.  The  dynamos  are  the 
largest  yet  constructed  for  direct  current  of  the  multipolar  Thury  form,  and 
are  direct-driven  from  the  vertical  turbine  shafts.  At  180  revolutions  they 
would  give  1,000  H.P.  At  45  revolutions  they  give  275  amperes  at  600 
volts,  or  165  kilowatts,  instead  of  their  normal  output,  so  that  naturally  the 
plant  is  rather  expensive;  but  their  use  has  its  advantages  in  simplicity  and 
solidity.  The  dynamos  have  12  poles,  and  the  fields  are  series-wound.  The 
commutators  are  6  feet  in  diameter,  and  are  on  the  turbine  shafts ;  the  current 
being  taken  off  by  86  carbon  brushes  held  in  ebonite  brush-holders,  with  spring  feed. 
Each  dynamo  weighs  9  tons— about  88  lbs.  per  kilowatt  for  normal  output.  The 
exciter  is  a  separate  machine  run  by  a  belt,  and  giving  90  amperes  at  100  volts , 
exciting  both  machines.  The  regulation  of  the  whole  system  is  automatically 
performed  by  alteration  of  the  field  of  this  exciter.  The  carbon  brushes  completely 
suppress  sparking  at  the  commutator.  On  the  switch-board  are  all  neeessaiy  switch 
gear  and  instruments,  regulators,  &c.,  together  with  suitable  lightning  arresters. 
These,  however,  did  not  avert  the  burning  out  on  one  occasion  of  82  sections  out  of 
451  on  the  armature  of  one  of  the  dynamos.  This  is  probably  due,  says  the  author, 
to  the  fact  that  when  the  spark  passes  the  dynamo  is  short-circuited  through  the 
lightning  arrester. 

The  Tbaksmibsion. 

The  power  is  delivered  to  the  Monnetier  Station  about  a  mile  away  through 
copper  cables,  with  a  drop  of  12  percent.,  the  usual  maximum  being  450  amperes. 
These  cables  are  carried  overhead  on  porcelain  insulators,  and  are  60  cm.  from 
one  another  horizontally,  to  avoid  short-circuit  from  breakage. 

At  Monnetier  the  cables  are  connected  to  the  conductor  and  the  rails 
respectively,  the  loss  here  being  15  per  cent.  On  each  section  only  two  cars  run 
on  the  steep  gradients  at  once,  and  the  maximum  current  is  about  280  amperes. 

Motors. 

Each  car  has  two  four-polor  motors,  series-wound  Thury  machines*  They 
give  80  H.P.  at  600  revolutions  per  minute,  but  can  give  50  H.P.  at  1,200  for  a 
short  time  without  damage.  The  maximnm  Bpeed  on  the  steepest  slopes  is 
6  kilometres,  say  4  miles,  an  hour.  The  gear  wheeb,  about  2  feet  in  diameter, 
make  50  revolutions  per  minute,  the  reduction  being  12  :   1,  Uirough  doable  gear. 
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The  motors  are  in  eerief,  as  one  will  not  start  the  carj  chieflj  owing  to  the 
enormous  weight  of  the  gearing.  The  motors  weigh  2*6  tons,  the  gearing  being 
8*4  tons,  the  dead  weight  being  75  per  cent,  of  the  total.  There  are  abont  165  Ibe. 
per  kilowatt  to  be  raised.     Hand  screw  brakes  are  provided. 

At  first  no  other  connection  than  earth  was  provided  between  the  rails,  bat 
such  disturtaices  arose  in  the  neighbouring  telegraph  and  telephone  wires  that 
the  authorities  insisted  on  a  complete  metallic  return,  and  the  rails  are  now  joined 
bj  cables. 

The  total  costs  amounted  to  £92,000,  or  about  £10,000  per  kilometre. 

The  losses  are  48  per  cent.,  of  which  10  per  cent,  are  in  the  generators, 
12  per  cent,  in  the  transmission  and  conducting  rail,  and  26  per  cent,  in  the  motors 
and  gear.  The  average  gradient  is  12*7  per  cent.  ;  the  average  speed  8  kilometres 
per  hour,  or  2*5  yards  per  second. 

Unlike  the  other  mountain  railways,  this  line  is  intended  to  work  all  the  year 
round,  when  not  prevented  by  snow  or  by  the  freezing  of  the  turbines.  In  sununer 
there  are  80  up  and  down  trips  per  diem,  and  in  winter  15.  The  maximum 
traffic  would  be  1,100  persons  a  day,  the  trains  being  sometimes  one  and  sometimes 
two  cars  together.  Goods  are  carried  also,  and  water  for  the  restaurant  on  the  top. 
The  ascent  takes  an  hour,  the  descent  40  minutes,  and  the  fore  from  Geneva  and 
back  is  4*60  marks,  say  48.  6d.  There  is  little  doubt,  concludes  the  author,  that 
all  mountain  railways  in  future  will  be  electrical.  The  great  saving  lies  in  the  use 
of  water  power,  in  spite  of  its  great  initial  cost. 


O.  CLAUDE— QUESTIONS  RELATING  TO  THE  WORKING  OF 
CENTRAL  STATIONS. 

{La  Lumiire  Electrique^  Vol.  51,  No.  16,  p.  51.) 

I.— CONBIDEBATIOKS   WITH   RESPECT  TO  LIGHTING. 

Since  the  popularity  of  electric  lighting,  gas  companies  have  ioond  it 
necessary  to  introduce  more  economical  and  efficient  gaa-bomers;  the  onlj 
inducement  to  retain  customers  being  to  reduce  their  gas  bill.  As  incandescent 
lamps  will  give  considerably  more  light  when  worked  above  the  normal  pressure 
so  will  gas-burners  when  worked  at  a  higher  temperature  of  combustion.  In  both 
cases,  however,  the  life  is  diminished,  which  is  not  a  serious  item  so  long  as  the 
cost  of  the  lamps  or  burners  is  small  as  compared  to  the  cost  of  energy. 

In  the  author^s  opinion,  the  best  way  of  competing  with  gas  is  to  over-nin 
incandescent  lamps — a  point  which  was,  however,  open  to  some  controversy. 
Experiments  were  made  xrn  French  lamps  of  10  normal  candle-power:  these 
were  run  at  16  candle-power,  absorbing  energy  at  the  rate  of  2*5  watts  per  candle. 
These  lamps  lasted  200  hours  before  the  light  fell  to  20  per  cent  below  the  normal 
candle-power.  The  cost  of  energy  during  the  period  of  200  hours  for  a  16-candle- 
power  lamp  would  be  8  francs  for  eight  kilowatt -hours,  llie  total  cost,  inclnding 
the  price  of  the  lamp,  would  be  10  francs.  To  run  this  lamp  for  800  hours  would 
therefore  cost  40  francs,  against  50  francs  for  a  normally  worked  lamp,  thus  effect- 
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iDg  a  saying  of  20  per  cent,  when  lamps  are  run  at  the  rate  of  ^5  watts  per 
candle. 

The  ordinary  type  of  gas-humer  consumes  175  litres  of  gas  per  hour,  which, 
at  the  rate  of  30  francs  per  cubic  metre,  corresponds  to  0*0525  franc  per  burner 
per  hour ;  and  in  the  case  of  over -run  lamps  this  price  comes  down  to  0*05  franc. 

With  a  16-C.P.  Auer  burner,  the  cost  of  the  lamp-hour  is  about  0*032  franc. 

II. — CONSIDEBATIONS  BELATI3JO   TO  TUB   DaT   LoAD   IN  STATIONS. 

A  Station  limiting  its  supply  for  the  purpose  of  electric  lighting  only,  has  its 
plant  running  idle,  on  the  average,  for  about  four-fifths  of  the  day.  Great  efforts 
are  therefore  made  to  run  the  plant  at  its  highest  possible  efficiency. 

It  is  not  sufficient  to  merely  increase  the  demand  for  energy,  since  by  so  doing 
the  tendency  is  to  increase  the  load  at  certain  hours  without  improving  the  load- 
factor.  It  is  necessary  to  obtain  a  demand  for  energy  at  other  times  than  during 
lighting  hours,  and  numerous  plans  have  been  suggested  for  arriving  at  this  end. 

Accumulators  might  be  charged  during  daylight  hours  and  discharged  at 
night  concurrently  with  the  dynamos.  This  system  is,  however,  open  to  some 
objections.  In  the  first  place,  the  capital  outlay  is  great ;  with  respect  to  output, 
they  occupy  a  large  space ;  and  the  upkeep  is  expensive.  Such  high  efficiencies 
as  85  and  86  per  cent.,  as  have  lately  been  obtained  in  Germany,  are  not  habitual 
in  France,  a  fair  limit  being  about  75  per  cent. 

Again,  although  the  use  of  accumulators  might  prove  a  great  advantage  in 
winter,  it  would  not  be  so  in  summer,  when  the  demand  is  only  about  half  as  great. 
The  effect  of  day  load  to  a  gas  company  is  different,  on  account  of  the  accumulators 
(gasometers),  for  it  is  not  of  much  importance  when  a  heavy  load  comes  on.  If, 
however,  a  heavy  day  load  were  habitual  with  a  gas  company,  it  would  be  advisable 
to  increase  the  size  of  the  plant,  but  not  so  'in  the  case  of  electric  lighting.  Not- 
withstanding this,  gas  companies  in  Paris  offer  every  inducement,  with  a  reduction 
in  price,  for  the  supply  of  gas  for  the  production  of  motive  power. 

Whether  the  day  load  be  supplied  for  motive  power,  electrolysis,  or  electric 
heating,  some  special  device  must  be  employed  for  differentiating  between  the  day 
and  night  load. 

The  singplest  method  is  to  use  two  meters  on  the  two  distinct  circuits  used 
for  lighting  and  for  motive  power.  This  system,  however,  lends  itself  readily  to 
fraud,  as  lamps  can  easily  be  placed  on  the  second  circuit. 

The  best  method  is  to  have  a  minimum  tariff  for  certain  hours  of  the  day,  and 
a  maximum  between  certain  hours  of  the  night,  and  the  use  of  either  two  meters  or 
one  meter  with  two  counters,  either  of  which  could  be  made  to  gear  with  the  meter 
at  specified  times. 


C.  LXKB— A  DIBECT  METHOD  FOR  THfi  ABSOLUTE   MEASURE- 
BfENT  OF  ELECTRO-MOTIVE  FORCES. 

(Les  Can^tea  Eendtu,  Vol.  118,  No,  22,  p.  1198.) 

A  general  method  for  measuring  an  electro-motive  force  in  C.G.S.  units  if  to 
balance  against  the  fall  of  potential  produced  by  a  known  current  passing  thf ongh 
TOL.  xxm.  43 
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a  known  reeistaace.     If  the  fall  of  potential,  R  I,  balances  the  unknown  electro- 
motive force,  then  £  »  R  I. 

Three  yean  ago  the  author  proposed  to  simplify  the  method  by  directly  com- 
paring the  unknown  electro-motive  force  to  an  induced  electro- motive  force,  in 
which  case  the  latter  would  be  calculated.  For  this  purpose  the  author  employs 
a  permanent  magnet  rotating  in  a  coil.  If  the  bobbin  carries  n  turns  per 
centimetre,  and  the  electro-motive  force  is   sinusoidal,   it    has    the    following 

maximum  value : — 

E,i»,.  «=  4  IT  «  M  IT, 

where  M  is  the  magnetic  moment  of  the  magnet,  and  w  its  angular  velocity. 

The  bobbin  consists  of  a  thick  tube  of  ebonite  about  70  cm.  long  and  10  cm. 
external  diameter,  wound  with  one  layer  of  carefully  insulated  wire  0-8  mm. 
diameter. 

The  number  of  turns,  n,  was  found  to  be  22*0499  per  centimetre.  The 
magnet  consists  of  65  bars,  4  mm.  square  by  6  cm.  to  8  cm.  long,  of  AUevard  steel, 
made  up  in  five  rows  of  18  each,  and  separated  from  each  other  by  strips  of 
aluminium  1  mm.  thick.  '  The  magnets  are  contained  in  an  aluminium  case, 
which  is  mounted  oa  a  spindle  to  allow  of  its  being  rotated.  At  one  end  of  the 
spindle  is  fixed  a  pulley,  and  at  the  other  a  commutator.  Contact  is  made  by 
means  of  two  German  silver  brushes  at  the  moment  when  the  E.M.F.  is  a  maximum. 
The  magnets  are  rotated  by  means  of  a  small  electro-motor.  The  magnetic  moment, 
M,  was  measured  by  Gausses  method  ;  the  couple,  M  H,  being  balanced  against  a 
torsional  couple.     The  value  of  M  was  found  to  be  3,250  C.G.S.  units. 

The  motor  employed  had  a  nominal  output  of  800  watts.  On  the  spindle  on 
one  side  are  fixed  a  pulley,  and  a  fiy-wheel  weighing  40  kg. ;  and  on  the  other  side 
a  commutator  with  five  brushes,  the  latter  being  employed  for  determining  the 
constancy  of  rotation  by  Lippmann's  sensitive  method.  Small  variations  in  speed 
are  compensated  for  by  means  of  a  string  brake  acting  on  the  spindle. 

The  angular  velocity  was  measured  by  taking  the  simultaneous  records  of 
a  seconds  pendulum  and  of  each  revolution  of  the  magnets,  on  a  recording 
cylinder.  The  speed  varied  from  6  to  13  revolutions  per  minute.  Having  mea- 
sured n,  M,  and  w,  the  E.M.F.,  £„«>.,  <^^^  be  determined,  making  the  neceasary 
corrections  for  the  effect  due  to  the  ends  of  the  bobbin,  and  also  for  the  variation 
of  M  with  temperature. 

The  electro-motive  force  obtained  during  tests  varied  from  0*3  to  0*7  volts. 

A  direct  comparison  between  E^^j  and  the  E.M.F.  of  a  standard  cell  could  be 
made,  but  an  increased  speed  would  be  necessary.  The  author  found  it  more  con- 
venient to  compare  the  two  £.M.F.'s  by  means  of  a  potentiometer.  The  equality 
of  the  potential  was  determined  by  a  Lippmann  capillary  electrometer. 


AHOH.— THE  PREPARATION  OF  CERTAIN  MINERAL  COLOURS  BY 

ELECTROLYSIS. 

{La  Lumiire  Eltctrique^  Vol.  62,  No,  21,  p.  376.) 
SchttU  Green, — An  electric  current  is  caused  to  pass  through  an  8  per  cent, 
solution  of  sulphate  of  soda,  by  means  of  two  copper  electrodes  immersed  in  the 
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solntion.  The  tank  containing  the  solution  mnst  be  heated  by  means  of  spiral 
steam  pipes.  A  bag  of  arsenions  acid  suspended  in  the  warm  solution  will  dtssolve 
and  react  on  the  soluble  copper  salt  formed  by  the  action  of  the  current. 

According  to  the  Revue  dt  Chimie  IndustrieJU^  the  electrolysed  sulphate  of  soda 
yields  sulphuric  acid  and  oxygen,  which  oxidises  the  copper. 

The  oxide  of  copper  dissolves  in  the  acid,  while  the  soda  combines  with  the 
arsenions  acid  at  the  negative  pole  to  form  arsenite  of  soda.  The  reaction  of  the 
arsenite  on  the  sulphate  yields  a  precipitate  known  as  Scheele's  Green.  In  order 
that  the  process  should  be  continuous  it  is  only  necessary  to  renew  the  copper  plates 
from  time  to  time,  and  to  refill  the  bags  with  arsenious  acid. 

Mitts  Green. — By  replacing  the  arsenious  acid  in  the  above  process  by  arsenic 
acid,  arsenate  of  copper  will  be  obtained,  and  which  is  known  as  Mitis  green.  As 
arsenic  acid  is  very  soluble,  it  is  slowly  added  in  solution  to  the  bath. 

For  100  grammes  of  copper,  100  grammes  of  arsenious  acid  are  necessary  to 
produce  Scheele  green,  and  125  grammes  of  arsenic  acid  for  Mitis  Qreen. 

One  H.P.  dissolves  150  grammes  of  copper  per  hour,  and  precipitates  from  20O 
to  225  grammes  of  green. 

Ccidmiwn  Yelloto  is  obtained  by  electrolysing  a  solution  of  chloride  of  sodium, 
and  using  cadmium  electrodes.  A  current  of  sulphuric  acid  must  be  passed  through 
the  bath  during  the  process  of  electrolysis. 

Sulphate  of  cadmium  of  various  tones  can  be  obtained  by  this  method. 

Vermilion. — In  a  wooden  bath  about  1  metre  in  diameter  and  2  metres  in 
height  are  placed  two  circular  plates,  on  the  top  of  which  is  a  layer  of  mercury 
about  I  centimetre  thick.  These  plates  constitute  the  positive  pole  of  a  dynamo. 
The  bottom  of  the  tank  is  fitted  with  a  plate  of  steel-plated  copper,  and  forms  the 
negative  pole.  The  solution  contains  8  per  cent,  of  nitrite  of  ammonia  and  8  per 
cent,  of  nitrate  of  soda.  A  perforated  spiral  tube  is  placed  in  the  bath  to  allow  of 
a  current  of  sulphuretted  hydrogen  to  pass.  Bed  sulphide  of  mercury  is  thus 
obtained. 

An  attempt  has  been  made  to  dispense  with  the  currents  of  gas  by  using  the 
following  bath ; — 

Water  100  litres. 

Nitrate  of  ammonia  4  kilogrammes. 

Nitrate  of  soda       4  „ 

Sulphide  of  sodium  4  ,, 

Sulphur       4  ,, 

Vermilion  of  very  fine  quality  can  be  obtained  by  this  process,  provided  the 
quantity  of  mercury  and  its  equivalent  of  sulphur  be  maintained. 

Japanese  Red, — This  colour  is  a  lake  of  oxide  of  lead  coloured  with  eosine. 
It  can  be  economically  prepared  by  electrolysing  a  10  per  cent,  solution  of  acetate 
of  soda  with  two  lead  electrodes. 

The  eosine  must  be  run  into  the  bath,  and  the  oxide  of  lead  wliich  is  formed 
will  absorb  the  colouring  matter,  and  can  be  finally  separated  by  decantationi 
By  varying  the  strength  of  the  eosine  solution,  varying  depths  of  colour  can  be 
obtained.  The  eosine  can  be  substituted  by  other  colours,  such  as  rodamine.  Also, 
the  lead  may  be  replaced  by  zinc,  in  which  case  oxide  of  zinc  would  be  formed. 
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The  acetate  of  soda  can  be  replaced  by  nitrate  of  soda,  op  a  mixture  of  nitrate  of 
Boda  and  ammonia. 


AHOH.— THE  MA.NUFACTURE  OF  CHROME  AND  ITS  ALLOYS  BY 

ELECTROLYSIS. 

(£a  LumOre  Efectrique,  Vol,  52,  Nr>.  21,  p.  377.) 

A  bath  containing  10  to  15  grammes  of  bisulphate  of  potash,  100  grammes  of 
chrome  alum,  and  100  grammes  of  water  is  electrolysed :  at  the  negative  pole  a 
deposit  of  chrome  will  be  precipitated.  The  bath  must  only  be  maintained  by 
the  addition  of  chrome  alum  alone,  or  by  a.  mixture  of  alum  and  bisulphate  of 
potash,  also  adding  a  small  quantity  of  chlorate  of  potash. 


P.  CLSMSVTZTCH  DE  EVGELMETE&— ON  THE  MEASURE  OF 
DIFFERENCE  OF  PHASE. 

(La  Lupniere  EUctrique,   VcL  52,  No,  21,  p.  360.) 

The  anthor  fir^t  refers  to  a  series  of  articles  by  M.  Hess,  and  wishes  to  com- 
plete this  study  by  describing  some  experiments  lately  made  at  Messrs.  Fein's  works 
at  Stuttgart.  He  first  recalls  experiments  made  by  M.  von  Ettingshausen  and 
M.  Puluj. 

M.  Ton  Ettingshausen  made  his  experiments  In  1876,  when  there  existed  no 
precise  notion  about  self  induction.  He  directed  his  researches  to  the  retardation 
of  induced  currents  produced  by  the  magnetism  of  iron  cores  introduced  into 
bobbins.  Lissajou's  mirrors  were  mounted  on  two  tuning  forks  having  the  same 
period  of  vibration :  one  of  them  placed  on  the  primary  circuit  acted  as  a  mercury 
contact-maker,  while  the  vibrations  of  the  second  one  were  maintained  electrically 
by  an  electro-magnet  excited  by  the  secondary  current.  The  tuning  fork  waa 
strongly  magnetised,  in  order  to  give  the  same  number  of  vibrations  as  the  current, 
and  not  double  the  number. 

Bf.  Puluj  in  1893  worked  with  vibrators  which  were  not  magnetised,  and 
consequently  obtained  double  the  frequency. 

M.  von  Ettingshausen  mentions  the  necessity  of  knowing,  apart  from  the 
position  of  the  ellipse  on  the  screen,  the  direction  of  the  two  component  vibrations, 
as  well  as  the  sense  of  the  spot  of  light,  in  order  to  determine  the  difference  of 
phase  produced  by  the  introduction  of  Ihe  iron  core.  It  is,  however,  very  difficult 
to  determine  this  sense,  as  the  velocity  is  so  great 

M.  von  Ettingshausen  suggested  that  a  stroboscopic  method  should  be  employed. 
A  third  tuning  fork,  with  a  slightly  larger  period  than  the  two  others,  causes  the 
beam  of  light  to  be  interrupted  before  it  reaches  the  two  other  forks.  The  nearer 
the  period  of  vibration  of  the  third  fork  to  the  two  others,  the  more  easily  can  the 
sense  of  the  spot  of  light  be  determined.    The  resultant  ellipse  is  represented  by 
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oblique  co-ordinates  corresponding  to  the  component  vibrations,  the  latter  being 

almost  at  right  angles  to  one  another.    The  difference  of  phase,  D,  measured  along 

the  axis  of  time  (period  =  r)  is  determined,  after  measurements  on  the  screen,  bj 

the  formula, 

^    .     2irD       ab        cd        ^    .    ^ 

M.  Puluj  employed  exactly  the  same  process,  but  represented  the  effect  due 
to  self-induction  by  the  following  formula: — 

L  being  the  coefficient  of  self-induction,  and  H  the  ohmic  resistance. 

Ttiese  methods  are,  however,  subject  to  some  errors.  M.  Ettiogshausen  has 
had  errors  of  1  per  cent,  between  results ;  and  M.  Puluj  has  found  differences  of 
1*1  percent,  when  taking  the  mean  of  results,  and  on  comparing  these  with  the 
results  of  calculation  the  errors  amounted  to  2*9  per  cent.  These  are  no  doubt  due 
to  the  difficulties  in  making  measurements  on  the  screen,  and  also  to  the  want  of 
symmetry  of  the  vibrators  with  respect  to  the  beam  of  light. 

To  eliminate  these  errors  the  author  devised  a  new  combination  of  Lissajon*s 
mirrors. 

Two  mirrors,  A  and  B,  are  so  pivoted  that  their  planes  are  parallel  to  one 
another  when  at  rest.  A  beam  of  light  is  made  to  pass  through  a  small  hole 
situated  on  the  axis  of  vibration,  the  mirror  A ;  the  light  then  falls  on  the  mirror  B, 
which  is  only  silvered  at  a  small  spot  on  its  own  axis  of  vibration,  the  remaining 
part  being  left  transparent  The  light  is  reflected  back  on  to  A,  and  is  then  sent 
back  through  the  transparent  part  of  B  on  to  a  screen. 

Apart  from  the  symmetry  of  the  figure  resulting  from  this  combination,  there 
is  a  great  advantage  in  being  able  to  work  with  different  degrees  of  sensitiveness 
without  altering  any  parts  of  the  apparatus. 

The  author  states  that  by  this  method  it  is  possible  to  work  with  the  minimum 
deflections,  with  any  desired  degree  of  sensitiveness. 

Phasemeter  with  Rotating  Mirror  for  measuring  the  difference  of  phase  between 
two  currents  at  the  moment  when  either  of  them  passes  through  zero.  ~ A 
small  mirror  is  made  to  rotate  uniformly  round  an  axis,  making  a  certain  angle 
with  the  plane  of  the  mirror,  and  synchronously  with  one  of  the  currents ;  another 
mirror,  B,  vibrates  synchronously  with  the  other  current.  A  scale  is  so  arrargea 
that  its  readings  can  be  read  on  the  mirror  B. 

To  set  the  instrument  before  taking  a  reading,  the  two  mirrors  must  be  actuated 
by  the  same  alternating  current,  in  order  to  ensure  synchronism  of  their  movements. 
The  bent  scale  must  then  be  moved  in  order  that  its  zero  can  be  read,  which  will 
appear  at  rest  owing  to  the  strobosopic  effect,  since  the  light  only  falls  on  the 
scale  once  in  every  period.  When  there  exists  a  difference  in  phase  between  them, 
the  eye  sees  the  different  divisions  of  the  scale  pass  successively  with  the  variation 
of  phase.  For  any  given  constant  difference  of  phase  the  eye  sees  a  certain  division 
A  on  the  scale,  and  the  angle  which  the  arc  of  the  scale  subtends,  is  a  measure  of 
the  difference  of  phase  between  the  two  currents. 
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P.    BOBEBT— A  LIGHTNING  FLASH  IN  AN  ELECTRIC   CENTRAL 

STATION. 

(Za  Lumidre  Alectrique,  Vol,  62,  No,  id,  p.  261.) 

The  author  draws  attention  to  a  case  where  a  central  station  itself  was  struck 
hy  lightning,  during  a  storm  which  took  place  over  Paris,  on  the  26th  of  last  April. 
The  station  In  question  is  situated  in  one  of  the  suburbs  of  Paris,  and  transmits 
power  at  high  tension  bj  means  of  overhead  lines  to  other  stations  In  Paris  itself. 
This  high-tension  current  works  motors  driving  low-tension  djnamoe. 

During  the  storm,  the  station  was  struck,  and  one  of  the  units  broke  down  in  a 
few  seconds.  The  machine  in  question  was  a  Marcel-Deprez  motor  of  100  H.P., 
working  two  Edison  dynamos  coupled  to  each  end  of  the  spindle  bj  Raffard 
couplings.  All  the  electro-motors  in  the  station  were  insulated  from  earth.  The 
foundation  bolts  were  cemented  into  the  foundation,  and  were  insulated  from  the 
bed  plates  of  the  motors  by  means  of  ebonite  sleeves.  The  bed-platee  themselves 
were  insulated  from  earth  bj  means  of  fibre  and  paraffined  oak.  The  insulation 
resistance  of  the  whole  machine  to  earth  was  generally  found  to  be  from  6  to 
6  megohms.  Between  the  armature  winding  and  the  frame  of  the  machine  the 
insulation  resistance  was  double  these  values. 

The  high-tension  overhead  line,  eight  miles  long,  had  an  insulation  of  7  to  8 
megohms  to  earth.  The  lightning  flash  struck  the  armature  of  the  motor,  and 
appeared  to  come  from  the  roof  of  the  station.  The  discharge  passed  through  the 
shaft  of  the  motor  to  one  of  the  Edison  dynamos,  and  thence  to  the  switch-board, 
where  a  bright  flash  took  place,  followed  by  a  loud  detonation,  and  finally  found 
its  way  to  earth  through  the  low-tension  network. 

On  the  high-tension  line  all  fuses  and  lightning  arresters  remained  intact, 
although  one.of  the  machines  at  the  generating  station  was  damaged  at  the  same 
instant 

The  insulating  materials  of  the  motor  armature  which  was  struck  were 
completely  carbonised,  and  some  of  the  bars  were  fused  to  the  gun-metal  spiders 
supporting  the  discsi  On  removing  the  bearings  to  get  the  armatures  out,  it  was 
noticed  that  at  two  points  on  the  shaft  some  of  the  gun  metal  from  the  bearing 
had  fused  on  to  the  shaft  The  air  gaps  had  been  the  seat  of  a  violent  discharge, 
and  traces  of  copper  were  found  on  the  polar  faces  of  the  magnets. 

It  is  therefore  very  essential  that  every  precaution  should  be  taken,  and  that 
the  station  itself  should  be  protected  from  lightning  as  well  as  the  line,  or 
otherwise  the  consequences  may  prove  most  fatal. 


AHOH.— TRANSMISSION  OF  POWER  FROM  LAUFFEN  TO 
FRANKFORT. 

(Za  Lumihre  EUctrique,  Vof,  52,  No,  19,;).  278.) 

The  report  of  tests  made  on  the  above  transmission  has  lately  been  published 
under  the  supervision  of  Professor  H.-F.  Weber.    As  the  time  for  making  tests 
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was  limited,  the  Commission  found  it  necessaiy  to  stadj  the  following  questions, 
which  were  considered  the  most  important : — 

1.  What  was  the  power,  developed  by  the  turbine  at  LanfFen  at  a  given 

angular  velocity  and  with  a  given  fall  ? 

2.  What  relation  has  the  energy  supplied  to  the  tertiary  circuit  at  Frank- 

fort to  the  energy  transmitted  during  the  same  .time  by  the  turbine  to 
the  dynamo  ? 
8.  What  was  the  efficiency  of   the  dynamo,   of  the  primary  transformer, 
and  of  the  secondary  transformer,  at  the  particular  load,  during  the  tests 
for  the  efficiency  of  the  whole  transmission  ? 
4.  What  loss  took  place  in   the  high-tension  line,    170  kilometres  long  ? 
Are  the  losses  due  to  ohmic  resistance  only,  or  are  there  other  losses  ? 
Concerning  the  first  question,  it  was  found,  after  taking  a  mean  of  six  tests, 
that  the  turbine  gave  232  H.P.  with  3*75  m.  effective  fall  and  a  speed  of  160 
r.p.m. 

The  determinations  of  the  efficiency  of  the  transmission  were  made  in  the 
following  manner: — 

After  loading  up  the  secondary  transformer  at  Frankfort  by  means  of  lamps 
placed  in  the  three  tertiary  circuits,  a  telegraphic  message  was  sent  to  Lanffen,  and 
the  next  series  of  tests  were  made  five  or  ten  minutes  later ;  the  message  was 
answered,  and  the  operators  at  LaufFen  brought  the  dynamo  to  the  normal  speed  of 
160  revolutions. 

One  series  of  tests  lasted  about  10  miuntesi  and  necessitated  taking  the  follow- 
ing readings : — 

1.  The  load  of  the  turbine  and  the  level  of  the  water — up  and  down  stream. 

2.  The  strength  of  current  in  the  three  primary  circuits. 

8.  The  primary  voltages  between  the  terminals  of  the  machine  and  the 
neutral  line  placed  to  earth. 

4.  The  exciting  current  of  the  dynamo. 

5.  The  speed  of  the  dynamo. 

The  observations  at  Frankfort  consisted  in  determining  the  power  in  the  three 
tertiary  lines  and  in  the  fourth  neutral  line.  The  three  wattmeters  employed  for 
this  purpose  were  brought  back  to  zero  three  times  per  minute,  and  the  sense  of  the 
coople  was  changed  every  minute,  so  that  every  wattmeter  yielded  81  readings  for 
each  series  of  tests.  From  these  81  readings  10  mean  readings  were  taken.  The 
report  shows  a  remarkable  uniformity  between  the  tertiary  currents,  of  which  the 
source  was  170  kilometres  distant. 

The  power  supplied  by  the  second  transformer  was,  on  the  average,  114  H.P. ; 
the  mean  tertiary  pressure  was  64*3  volts,  the  mean  strength  of  the  tertiary  current 
was  440  amperes,  and  the  mean  efficiency  74*4  per  cent.  It  was  found  that  atmoe- 
pheric  conditions  had  extremely  little  influence  on  the  efficiency. 

The  normal  power  of  the  turbine  was  300  H.P.  During  the  tests  the  maximum 
output  was  164*4  H.P.  The  full-load  efikiency  of  the  dynamo  at  Lanifen  was 
95-4  per  cent. 

The  tests  on  the  transformers  yielded  the  following  results : — 

The  efficiency  of  the  transformer  of  the  Soci^^  G^nerale  d'J^lectricit^  at  100 
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kilowatts  was  96  per  cent.  The  maximum  efficiency,  when  the  iron  and  copper 
losses  were  eqnal,  was  fonnd  to  be  96*1  per  cent.  The  (Erlikon  transformer 
yielded  almost  the  same  results. 

The  report  generalises  the  results  as  follows : — 

1.  In  the  Lauffen-Frankfort  installation  for  tlie  transmisBion  of  power  by 

alternating  currents  at  7,500  to  8,500  volts  through  a  bare  copper  over- 
head line  carried  on  insulators,  there  was  available  in  the  tertiary 
circuits  at  Frankfort  68*5  per  cent,  at  lightest  load,  and  75*2  per  cent  at 
heaviest  load,  of  the  power  supplied  by  the  turbine  at  Lauffentothe 
generating  dynamo. 

2.  It  is  considered  that  all  the  losses  in  the  system  are  due  to  Joule  effects. 
8.  Theoretical  considerations  have  shown  that  the  influence  of  capacity  on 

the  line  is  so  small  for  currents  of  30  to  50  periods  per  second  as  to  be 
negligible. 
4.  The  behaviour  of  the  circuit,  with  air  insulation,  and  when  carried  on 
porcelain,  is  as  reliable  with  alternating  currents  at  7,5C0  to  8,500  volts 
as  "with  low-tension  currents. 


AHOir.— A  NEW  DYNAMO  MACHINE  BY  TH.  MAHCHER. 

(^La  Lumi^re  Efectrtqtte,   Vol.  52,  No.  19,  p.  280.) 

It  is  an  easy  matter  to  determine  experimentally  what  influence  the  diameter 
of  a  coil  has  on  the  magnetism  of  its  iron  core.  It  will  he  found  that  the  outside 
turns  of  a  bobbin  have  not  the  same  effect  as  the  inner  ones.  An  iron  core  wsis 
first  wound  with  wire  2  mm.  diameter,  and  next  with  0*8  mm.  wire,  and  the 
same  current  was  sent  through  ;  these  coils  having  the  same  number  of  turns.  In 
the  first  case  the  external  diameter  of  the  bobbin  was  41  mm.,  and  in  the  second 
case  80  mm.,  which  allowed  the  core  to  be  brought  closer  to  the  poles  of  the 
machine.  The  magnetic  flux  was  increased  44  per  cent.— considerably  more  than 
was  due  to  the  shortening  of  the  iron  circuit.  In  the  first  case  no  doubt  a  certain 
number  of  lines  closed  round  the  wires  and  never  reached  the  iron.  The  loss  in 
the  bobbin  in  the  second  case  was  increased  from  1  to  4*45,  on  account  of  its 
resistance.  A  short  bobbin  with  a  large  depth  of  winding  is  not  only  magnetically 
bad,  but  also  requires  more  copper  than  a  longer  bobbin,  keeping  the  length  of  the 
magnetic  circuit  constant. 

Numerous  experiments  have  been  made  on  hollow  cores.  M.  de  Waltenhofen 
has  compared  solid  iron  cores  with  hollow  cylindrical  cgres  of  the  same  section. 
He  found  that  for  small  degrees  of  magnetisation  the  hollow  core  was  better,  but 
beyond  this  the  best  results  were  to  be  obtained  with  a  solid  core.  He  attributes 
this  to  the  fact  that  at  first  the  resistance  of  the  iron  cylinder  is  very  low  as 
compared  to  the  air  resistance,  and  that  the  surface  is  greater  in  the  case  of  the 
hollow  cylinder  than  with  the  solid  iron  core,  but  as  the  magnetisation  is 
increased  this  advantage  is  diminished. 

The  author  considers  that  the  best  core  to  use  is  a  solid  cylinder,  and  gives . 
curves  of  magnetisation  obtained  with  a  square  section  and  round  section. 
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This  form  of  two  concentric  cylinders  has  been  applied  to  the  magnetic  circuit 
of  dynamos  built  by  the  firm  of  Foeschman  &  Co.,  of  Dresden.  A  solid  magnet 
core  is  fixed  to  the  bed  of  the  machine.  Above  this  is  placed  the  opposite  pole- 
piece,  connected  to  the  base  by  an  outer  cylinder.  Two  holed  ate  made  in  the 
latter  to  allow  of  the  ends  of  the  armature  to  pass  through.  By  this  method 
magnetic  leakage  is  rednced  to  a  minimum. 

The  upper  pole-piece  is  so  designed  that  the  armature  shall  receive  an  upward 
pull,  and  consequently  relieve  the  weight  on  the  bearings. 

M.  Puluj  has  made  experiments  on  a  200-lamp  machine,  and  found  an 
emdency  of  91  *5  per  cent,  at  half  load,  being  equivalent  to  an  efficiency  of  93  per 
cent,  at  full  load.  These  machines  work  practically  sparkless,  and  occupy  a  very 
small  space. 


P.    BOUCHBBOT— TRANSMISSION    OF    POWER    AT    MESSRS. 
MENIER'S  FACTORY  AT  NOISIEL. 

{La  Lumiere  Electrique,  Vol,  52,  No.  20,  />.  301.) 

There  are  still  some  objections  raised  against  non-synchronous  alternating 
motors.  Amongst  the  criticisms  there  are  perhaps  two  which  may  in  some  cases 
be  justifiable.  In  the  first  case  the  initial  torque  is  relatively  small  with  a  constant 
current.  This  is  of  little  importance  in  cases  where  the  torque  is  small  at  first,  and 
increases  with  the  speed,  as  with  a  ventilating  fan,  for  instance ;  but  when  it  is 
necessary  to  start  machines  offering  a  constant  resistance  and  large  inertia  the 
motor  will  require  a  proportionally  large  starting  current,  and  special  starting 
devices  have  then  to  be  used  in  order  to  prevent  too  large  a  strain  being  placed  on 
the  generators.  These  devices  are  almost  as  simple  as  those  used  for  starting 
continuous-current  shunt  motors.  The  second  objection  raised  against  alternating* 
current  motors — ^which  in  many  cases  need  not  be  considered — is  the  impossibility 
of  varying  the  speed  of  the  machine  without  introducing  resistances  into  the 
armature  circuit.  This  is  the  main  reason  why  such  motors  have  not  yet  been 
employed  for  traction  work  ;  but,  apart  from  this  case,  it  is  usual  to  require  a 
constant  speed  for  motors.  The  author  describes  one  of  the  first  power  stations  in 
France,  in  which  motors  with  rotating  magnetic  fields  are  used. 

MM.  Meuier  own  a  large  estate  at  Noisiel  (Seine  and  Mame)  on  which  water 
power  is  available.  This  estate  has  several  villages,  a  private  railway,  a  farm,  and 
the  well-known  chocolate  factory.  The  latter  is  built  on  the  banks  of  the  river, 
and  is  worked  by  three  turbines  of  about  200  U.F.  each. 

The  electrical  installation  in  question  is  used  for  working  agricultural  appli- 
ances, and  for  lighting  a  farm  at  a  distance  of  2  kilometres  from  the  factory.  The 
installation  has  been  working  for  a  year,  and  the  results  have  proved  most  satis- 
factory. The  height  of  the  fall  varies  from  1  to  4  metres,  depending  on  the  time 
of  the  year.  The  whole  of  the  electrical  apparatus  was  made  by  the  firm  of 
Weher  &  Richard,  and  designed  by  Mr.  C.  £.  L.  Brown. 

The  alternator  works  on  the  two-phase  system,  has  eight  poles,  and  is  capable 
of  giving  75  horse-power  at  600  revolutions,  and  equivalent  to  a  freqaency  of 
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40  complete  alternations  per  second.  Each  half  of  the  armature  gires  150  volts 
at  165  amperes.  The  weight  of  the  whole  machine  is  2,700  kilogrammea  The 
eight  field  coils  are  fixed  radially  to  an  outside  ring  of  cast  iron.  The  armature 
consists  of  a  hollow  drum  of  laminated  iron  discs,  on  the  outside  surface  of  which 
are  fixed  flat  coils,  and  those  of  one  phase  being  placed  above  those  of  the  other 
phase.  Each  circuit  consists  of  eight  coils  coupled  in  two  series  parallels.  The 
ends  of  each  circuit  are  connected  to  suitable  collecting  rings.  Lubrication  for 
the  bearings  is  effected  by  means  of  rings  revolving  in  oil  boxes. 

The  exciter  is  separately  driven,  and  is  capable  of  giving  90  volts  and 
15  amperes  at  1,800  revolutions  per  minute,  and  is  used  for  exciting  a  BoTet 
magnetic  coupling  as  well  as  the  alternator.  This  coupling  requires  about  50  volts 
and  1  *5  amperes  when  the  alternator  is  working  at  full  load.  A  careful  test  was 
made  to  obtain  the  efficiency  of  this  type  of  alternator,  and  the  system  adopted  was 
as  follows : — The  alternator  was  first  run  at  its  normal  speed,  and  so  excited  as  to 
give  the  normal  voltage  at  full  load ;  readings  being  also  taken  of  the  exciting 
current,  in  order  to  determine  what  power  was  wasted  in  the  field.  Next,  the 
losses  from  friction  and  windage,  hysteresis,  and  Foucault  currents  were  measured ; 
and  from  these  losses,  added  to  those  in  the  armature  and  field,  can  be  determined 
the  efficiency  of  the  machine.  This  method,  although  not  correct  in  the  case  of  a 
single-phate  alternator,  where  the  armature  reactions  produce  Foucault  currents  in 
the  polar  masses,  is,  on  the  contrary,  as  correct  for  a  tvi-o* phase  alternator  as  it  is 
for  a  continuous-current  machine.  The  two  phases  of  such  an  alternator  when 
equally  loaded  produce  a  rotating  magnetic  field  with  respect  to  the  armature,  and 
having  an  equal  velocity,  but  opposite  in  sign,  to  that  of  the  armature,  is  conse- 
quently fixed  in  space  like  the  armature  field  of  an  ordinary  continuous-current 
machine.  In  an  ordinary  single-phase  alternator  there  is  superimposed  on  this 
fixed  field  a  rotating  field  having  a  velocity  double  of  that  of  the  armature,  pro- 
ducing extra  losses,  and  consequently  prohibiting  the  use  of  the  above  method  for 
determining  the  efficiency.  It  is  for  the  above  reasons  that  it  is  possible  to  obtain 
with  any  given  carcass  a  greater  output  with  a  two-phase  than  with  a  single-phase 
winding.  For  instance,  the  above  alternator  could  only  give  an  output  of  40,000 
watts  instead  of  50,000  watts  if  it  had  a  single-phase  winding. 

For  determining  the  internal  losses,  the  armature  was  rotated  by  means  of  a 
small  continuous-current  motor  the  losses  in  which  had  been  carefully  predeter- 
mined. A  first  test  was  made  with  the  field  not  excited,  to  ascertain  what  losses 
were  due  to  friction  and  windage,  and  a  second  series  of  tests  were  then  made  with 
the  field  excited  to  give  normal  voltage  and  speed.  Tests  were  also  made  at 
different  speeds,  in  order  to  separate  the  losses  due  to  hysteresis  (or  losses  propor- 
tional to  speed)  from  those  due  to  Foucault  and  internal  currents  (or  losses 
proportional  to  the  square  of  the  speed). 

The  results  obtained  are  plotted  in  curves,  and  an  abstract  of  the  tests  is  given 
in  the  following  table  : — 
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AtFuU 
Load. 


AtHaU 
Load. 


At  Tenth 
Load. 


Loss  in  the  armature 

Loss  in  the  field  

Friction 

Hysteresis  

Foucault  and  internal  currents 

Useful  power 

Total  power 

Efficiency  


1,700 

1,870 

540 

890 

1,550 

50,000 

55,560 

90% 


420 

1,260 

540 

380 

1,500 

25,000 

29,090 

86% 


20 
1,160 
540 
870 
1,460 
5,000 
8,550 
68% 


The  switch-board  is  of  polished  marble,  and  contains  a  double-pole  switch 
and  fuses,  an  ammeter,  and  a  hot-wire  voltmeter;  also,  for  the  exciter,  a  voltmeter, 
an  ammeter,  and  a  field  rheostat.  There  are  no  instruments  or  regulating 
appliances  on  the  high-tension  side.  The  step-up  transformers  are  each  of  15,000 
watts  capacity,  making  in  all  80,000  watts.  The  surplus  power  of  the  alternator 
to  be  used  for  future  extensions.  These  transformers  raise  the  pressure  from 
150  to  2,700  volts,  and  are  placed  in  a  special  non-oxidisible  insulating  oil.  The 
windings  were  previously  well  heated  in  the  oil,  in  order  to  drive  out  all  moisture. 

The  following  table  gives  the  losses  and  efficiencies  of  these  transformers: — 


At  Full 
Load. 

At  Half 
Load. 

At  Tenth 
Load. 

Loss  in  the  primary     

liOes  in  the  secondary 

Iron  losses         

Useful  power 

Total  power       

Efficiency          

150 

150 

825 

15,000 

16.625 

96% 

45 

40 

325 

7,500 
7,910 
95% 

6 

2 

325 

1,500 

1,883 

82% 

The  high-tensioQ  line  on  leaving  the  transformers  runs  underground  for 
500  metres,  and  consists  of  a  lead-covered  steel-armoured  cable,  consisting  of  four 
strands  each  7  mm.*  section,  insulated  with  rubber.  This  cable  was  manufactured 
at  MM.  Menier's  factory  at  Crenelle.  The  line  is  protected  by  double-pole 
lightning  arresters  placed  in  the  same  box  as  the  double-pole  switches  and  fuses. 
These  lightning  arresters  consist  of  zinc  discs  separated  by  mica.  The  centre  disc 
is  connected  to  earth,  and  the  outer  ones  to  the  line.  The  boxes  containing  the 
switches  are  so  designed  that  they  cannot  be  opened  while  the  alternators  are 
excited.  After  the  underground  section  of  500  metres,  the  line  runs  overhead  for 
about  1  kilometre,  and  consists  of  a  phospor-bronze  wire  3  mm.  diameter. 

The  total  resistance  of  each  circuit  is  from  4*5  to  5  ohms.  Tbe  maximum  loss 
is  about  2  per  cent.  The  efficiency  of  the  line  then  becomes  98  per  cent,  at  full 
load,  99  per  cent,  at  half  load,  and  99*8  per  cent  at  tenth  load.  The  step-down 
transformers  are  similar  to  the  step-up  transformers  described  above. 
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This  InBtallation  has  in  use  at  present  two  biphase  motors  of  15  to  20  H.P., 
and  one  single-phase  motor  of  1^  U.P. 

'  One  of  the  large  motors  drives  a  thrashing  machine,  *and  the  other  works  on  to 
a  coontershafting  from  which  other  agricultaral  appliances  are  driven.  The  small 
1|-H.P.  motor  is  used  for  a  hay  lift.  Special  precautions  have  been  taken  to  box 
in  all  collectors  and  brushes  where  sparking  is  liable  to  take  place,  in  order  to 
minimise  all  fire  risks  during  the  process  of  thrashing. 

The  starting  torque  of  these  motors  is  very  large,  perhaps  greater  than  at  full 
load.  The  starting  device  consists  (ft  coils  of  high  self-indaction  placed  at  the 
moment  of  starting  across  the  terminals  of  each  circuit,  the  motor  circuits  being 
connected  to  only  a  small  number  of  the  turns.  When  full  speed  is  attained  these 
coils  are  cut  out. 

A  motor  with  closed  armature  is  absolutely  equivalent,  when  at  rest,  to  a 
transformer  with  a  short-circuited  secondary.  Placing  such  a  machine  in  circoit 
is  then  equivalent  to  short-circuiting  it  at  that  moment.  For  this  reason  it  would 
be  necessary  to  place  in  each  circuit  a  resistance  or  self-induction,  in  order  that  the 
current  taken  from  the  generator  should  not  be  abnormal.  But»  on  the  other 
hand,  a  strong  current  at  low  pressure  is  necessary  in  each  circuit,  in  order  that 
the  motor  should  start  at  full  load.  A  self-induction  coil  or  a  resistance  would 
then,  in  themselves,  not  be  sufficient  to  prevent  this  rush  of  current.  A  trans- 
former might  be  used,  with  its  fine  coil  connected  to  line,  and  thick  coil  to  one 
of  the  motor  circuits;  but,  unfortunately,  by  this  method  a  high  enough  speed 
could  not  be  obtained  to  allow  of  the  transformer  to  be  disconnected,  on  account 
of  the  low  voltage  at  the  transformer  terminals,  and,  consequently,  the  weak  field 
in  the  motor. 

The  combined  method  described  above  allows  the  motor  to  take  a  large 
current  on  starting  without  loading  the  generator,  and  also  to  obtain  a  high  enongh 
speed  in  order  that  the  starting  device  may  be  promptly  disconnected.  The  line 
current  necessary  for  starting  the  motors  depends  on  the  machinery  they  are 
driving,  but  it  varies  from  40  to  50  per  cent,  below  or  above  the  full-load 
current. 

Particulars  and  efficiencies  of  the  system  when  working  under  different 
conditions  are  given  in  tlie  following  list : — 

1.  When  the  Tbansformebs  abe  Fully  Loaded  and  the  Two  Labob 

MOTOBS  ABE   WOBKING   AlONB. 

Useful  power  at  the  motor  pulleys     ...       13,000  +  13,000  =  26,000  watts. 

Losses  in  the  motors     2,000  4-    2,000  «  4,000  „ 

LosKS  in  the  low-tension  lines 120  +       280  =  400  „ 

Losses  in  the  step-down  transformers 1,200  ,, 

Losses  in  the  high-tension  line 600  „ 

Losses  in  the  step-up  transformers      1,250  ,, 

Losses  in  the  alternator      '     ...          700  +  1,300  +  2,460  -  4,460  „ 

Total  power  at  the  pulley  of  the  alteniator       87,900     „ 

Total  efficiency  of  transmission 69  per  cent. 
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2.  Fob  a  Mban  Load  on  Three  Motoes. 

Useful  power  at  the  motor  pulleys    10,000  +  10,000  +  1,000  =  21,000  watts. 

Losses  in  the  motors       2,550  „ 

Losses  in  the  low-tension  line 65  +  155  +  20  ^  240  „ 

Losses  in  the  step-down  transfonners 950  ,, 

Losses  in  the  high-tension  line 350  ,, 

Losses  in  the  itep-up  transformers     970  ,, 

Alternator  losses 460  +  1,260  +  2,420=  4,140  ,, 

Total  power  at  the  alternator  pullej      30,200     „ 

Total  efficiency  of  transmission 69*5  per  cent. 

3.  The  Thbashino  Machine  Woekimg  Alone  with  an  Atsrage  Load. 

Power  at  the  motor  pulley        10,000  watts. 

Loss  in  the  motor           1,100  „ 

Loss  in  the  low-tension  line      65  ,, 

Loss  in  the  step-down  transformers 685  ,, 

Loss  in  high-tension  line          £.0  ,, 

Loss  in  step-up  transformers    ...        » 710  „ 

Alternator  losses 110  +  1,200  +  2,870  »  8,680  „ 


Total  power  at  the  alternator  pulley      • 16,320 

Total  efficiency  of  transmission 61*3  per  cent. 
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The  Two  Hundred  and  Sixty-seventh  Ordinary  Creneral  Meeting 
of  the  Institution  was  held  at  the  Institution  of  Civil 
Engineers,  25,  Great  Creorge  Street,  Westminster,  on  Thurs- 
day evening,  November  8th,  1894 — ^Mr.  Alexander  Siemens,, 
M.  Inst.  C.E.,  President,  in  the  Chair. 

The  minutes  of  the  Ordinary  General  Meeting  of  May  24th, 
1894,  were  read  and  approved. 

The  names  of  new  candidates  for  election  into  the  Institution 
were  announced  and  ordered  to  be  suspended. 

The  following    transfers    were  announced    as    having    been 
approved  by  the  Council : — 

From  the  class  of  Associates  to  that  of  Members — 


David  Alexander  Bremner. 
Henry  A.  Dando. 
George  Vaughan  Fowler. 

From  the  class  of  Students  to  that  of  Associates  — 
Frederic  J.  Warden-Stevens. 


George  Edward  Hartmans. 

A.  E.  Kennelly. 

Charles  Henry  Wordingham* 


Donations  to  the  Library  were  announced  as  having   been 
received  during  the  recess  from  the  Agent-General  for  New  South 
Wales ;  the  American  Society  of  Civil  Engineers  5  the  Astronomer 
VOL.  xxm.  45 
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Royal;  Messrs.  Cassell  &  Co. ;  the  Chief  of  the  Electrical  Bureau 
of  the  City  of  Philadelphia ;  Dr.  A.  C.  Crehore ;  the  Editor  of 
Electricity;  the  India-Rubber,  Gutta-Percha,  and  Telegraph 
Works  Co. ;  the  Minister  of  Italian  Telegraphs;  Messrs.  Siemens 
Bros.  &  Co.,  Ltd.;  Mr.  F.  C.  Webb;  Messrs.  Whittaker  & 
Co.;  the  Under  Secretary,  Post  and  Telegraph  Department, 
Queensland  ;  Sir  D.ivid  Salomons,  Vice-President  ;  Messrs. 
Bramwell  &  Harris,  W.  Perren  Maycock,  J.  N.  Shoolbred,  and 
Herbert  Laws  Webb,  Members ;  C.  A.  Stevenson,  Associate  and 
F.  D.  Latimer,  Student;  to  all  of  whom  the  thanks  of  the 
meeting  were  rmanimously  accorded. 

The  following  papar  was  then  read  : — 


NOTES  OX  ELECTRIC  TRAMWAYS  IN    THE    UNITED 
STATES    AND    CANADA. 

By  H.  D.  Wilkinson,  Member. 

(Supplementary  Paper.) 

In  the  paper  communicated  to  this  Institution  I  have 
endeavoured  to  lay  before  you  some  notes  on  the  working  of 
electric  tramways  on  the  continent  of  America.  I  have  not  gone 
80  much  into  descriptions  of  material  and  plant  as  into  those 
questions  which  I  heard  constantly  being  discussed  with  reference 
to  the  return  circuit  of  electric  tramway  systems  and  the  marked 
electrolytic  action  in  some  cities  on  underground  pipes  and  cables. 

While  the  single-trolley  system  is  almost  entirely  universal,  I 
took  pains  to  find  out  such  details  of  the  double-trolley  system  in 
Cincinnati,  and  the  underground  conduit  in  Chicago  and  Washing- 
ton, as  I  judged  would  interest  the  members  of  this  Institution, 
not  only  on  account  of  their  using  an  insulated  return,  but  also 
on  account  of  possible  practical  utility  in  their  mode  of  working. 

For  the  details  of  these  systems  I  must  refer  you  to  the 
original  paper ;  but,  in  order  that  the  points  put  forward  on  the 
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various  systems  may  be  made  clear,  I  have  had  some  diagrams  Mr. 
prepared  which  show  the  general  scheme  of  each. 

Considering  first  the  predominating  single-trolley  overhead 
system — the  mileage  of  which  to-day  in  the  United  States  and 
Canada  exceeds  that  of  all  the  steam,  cable,  and  horse  traction 
systems  put  together  by  50  per  cent.,  and  to  which,  owing  to  its 
exceedingly  adaptable  and  flexible  character,  the  enormous 
development  of  electric  traction  in  those  countries  has  been  due — 
we  have  the  current  supplied  to  the  cars  through  the  medium  of 
a  bare  copper  wire  stretched  centrally  over  the  rails  of  the  track 
at  a  height  of  about  19  feet  from  the  ground.  The  current  is 
collected  from  this  wire  by  means  of  a  thin  steel  tube  and  trolley 
wheel  mounted  on  the  roof  of  the  car,  the  wheel  running  on  the 
under  side  of  the  wire,  and  being  kept  up  to  the  same  by  springs 
on  the  tube.  The  current  is  conveyed  by  an  insulated  wire  to  the 
controlling  and  reversing  switches  and  fuse  to  the  motors,  a 
lightning  arrester  also  being  in  circuit. 

The  overhead  trolley  wire  is  divided  ihto  sections  of  one-quarter 
or  half  a  mile  in  length,  insulated  from  each  other,  and  supplied 
with  current  from  the  power  station  by  separate  insulated  feeders, 
as  shown  in  Fig.  1  (Plate  A). 

As  each  section  is  independently  supplied,  it  follows  that  the 
size  of  the  trolley  wire  does  not  depend  on  the  length  of  line, 
but  simply  on  the  length  and  average  load  per  section,  and  is 
therefore  uniform  in  size  throughout,  and  generally  about  ^  inch 
in  diameter. 

On  this  system  the  current  passes  from  the  electric  motors  to 
the  iron  frame  of  the  car,  and  thence  by  the  wheels  to  the  rails 
and  earth.  As  the  earth  presents  an  almost  infinite  mass  com- 
pared with  the  rails,  it  was  assumed  in  the  first  instance  that  a 
return  of  least  resistance  would  be  secured  by  well  earthing  the 
negative  poles  of  the  dynamos.  The  coal  bill,  however,  stimulated 
inquiry  into  the  losses  in  transmission  of  electric  energy. 

On  many  lines  of  5  to  10  miles  the  voltage  at  the  most  distant 
section  between  trolley  wire  and  rails  was  only  50  per  cent,  of 
that  generated  at  the  station. 

Some  improvement  was  made  by  sinking  deeper  earths  into 
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moist  soil  and  connecting  the  same  to  more  points  on  the  rails. 
But  at  the  best  this  was  mireliable  and  variable,  and  it  was 
noticed  that  improvement  was  more  marked  when  attention  was 
turned  to  the  rails  themselves  as  the  best  return  conductor. 

High-resistance  fish-plate  joints  were  bridged  over  by  iron  and 
then  by  copper  wires,  and  the  rails  at  their  nearest  point  of 
approach  to  the  power  station  were  connected  by  overhead  return 
cables  to  the  dynamos,  thus  affording  a  reliable  metallic  return, 
while  at  the  same  time  the  earth  formed  part  of  the  circuit. 

Other  diagrams  on  Plate  A  illustrate  the  stages  of  development 
in  the  return  circuit ;  Stage  1  being  that  just  described,  viz., 
bonded  rails  and  return  cables. 

In  Stage  2,  we  have  the  rails  connected  at  intervals  to  water 
and  gas  pipes ;  this  step  creating,  from  the  traction  companies' 
point  of  view,  a  most  satisfactory  rise  of  potential  on  the  line,  and 
improvement  in  speed  of  cars  at  the  distant  points  on  their 
system,  but  also  raising  the  potential  of  the  pipes  above  that  of 
the  earth,  and  bringing  into  existence  electrolytic  pitting  and 
corrosion  followed  by  leakage  and  danger,  and  producing,  as  the 
secretary  of  the  gas  company  in  Washington  described  to  me,  a 
feeling  akin  to  sitting  on  the  top  of  a  volcano.  The  electrolytic 
consequences  ensuing  on  this  method  of  "  helping  out "  the  return 
circuit  led  to  a  reconsideration  of  the  matter. 

It  was  found  impracticable  to  root  out  all  such  connections,  or 
to  provide  such  inspection  as  should  prevent  its  recurrence ;  but 
the  action  was  mitigated  by  clamping  copper  bands  roimd  the 
pipes  at  affected  points,  the  same  being  connected  to  cables 
leading  directly  to  the  negative  collecting  bars  in  the  power 
station. 

All  this  pointed  to  the  advantage  of  a  metallic  return,  and  led 
to  the  use  of  the  supplementary  wire  shown  in  Stage  3.  This 
consisted  of  a  bare  copper  rod,  wire,  or  cable,  laid  on  the  sleepers 
between  the  rails  throughout  their  entire  length,  connected  by 
twisted  and  soldered  wires  to  the  rails  on  each  side  of  the  fish- 
plates, and  cross-connected  to  a  similar  wire  in  the  adjoining 
track  every  30  yards.  But  on  all  lines  which  I  have  seen  being 
laid  in  this  manner  the  wires  have  been  uniform  in  section 
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throughout  (about  |  in.  diam.  for  the  central  wire,  with  smaller  Mr 
wires  to  bridge  the  rail  joints),  instead  of  increasing  in  section  as 
they  approach  the  power  station  in  proportion  to  the  increased 
volume  of  current.     Unless  proportioned  to   admit  of  constant 
density  of  current,  I  fail  to  see  that  this  attains  the  desired  end. 

The  appreciation  of  this  fact  led  to  the  adoption  in  Cleveland 
by  Mr.  Charles  W.  Wason  of  return  feeders  connected  to  the  rails 
every  500  feet — shown  in  Stage  4.  The  feeders  were  increased  in 
section  and  number  as  the  lines  neared  the  generating  station, 
and  added  to  from  time  to  time  to  meet  increased  traflSc. 

Other  engineers  whom  I  met  were  considering  the  adoption  of 
such  return  feeders  on  their  lines,  as  a  means  of  improving  their 
efficiency  of  transmission. 

Throuojh  all  the  staores  thus  far  the  idea  has  been  retained 
that  the  negative  poles  of  the  dynamos  must  be  connected 
directly  to  earth  at  the  power  station.  Doubtless,  if  there  are 
no  return  feeders  and  poor  rail-bonds,  or  if  the  return  feeders  are 
of  insufficient  section  to  carry  the  current  ousted  from  rails  so 
bonded,  a  portion  of  the  current  will  take  to  the  earth  and 
metallic  bodies  within  it  on  its  way  back  to  the  generators ;  but, 
although  it  will  cost  a  little  more,  I  think  we  can  affi)rd  to 
dispense  entirely  with  the  alternative  earth  path,  and  should  do 
without  it.  The  safety  of  buried  pipes  and  cables  would  thus  be 
assured,  and  the  efficiency  of  transmission  increased. 

It  may  be  urged  that  the  rails  are  perforce  in  contact  with 
earth,  and  therefore  the  alternative  earth  path  is  always  present. 
The  answer  to  that  is,  Let  the  negative  poles  of  the  dynamos  be 
connected  to  the  rails  direct  by  insulated  cables,  but  not  to  earth 
at  the  station,  and  the  current  will  then  be  kept  within  the  rails 
and  return  feeders.  The  only  chance  for  current  to  pass  to  earth 
would  be  as  a  shunt  round  bond  joints  of  high  resistance  or 
insufficient  conductivity  ;  and  should  this  occur,  it  will  only  cause 
electrolytic  corrosion  at  such  joints,  and  not  on  underground 
pipes  and  cables. 

Having  arrived  at  this  point,  I  now  divide  the  exclusively 
metallic  return  so  obtained  under  two  head^^,  viz.,  feeders  and 
rails.    If  we  put  return  feeders  to  every  half-mile  of  rails,  as  we  put 


034  NOTES  ON  ELECTRIC   TRAMWAYS  IN  THE       [Nov.  8th 

them  to  every  half-mile  section  of  trolley  wire,  the  bonds  become 
of  lesser  importance  :  that  is,  firstly,  they  need  only  be  of  section 
suflScient  to  take  the  maximum  current  per  section;  and,  secondly, 
they  will  be  of  uniform  sectional  area  throughout.  All  the  return 
current  is  then  collected  by  the  feeders,  and  returned  to  the 
generators  direct.  Each  feeder  collects  or  drains  off  the  return 
current  for  a  certain  distance  on  each  side  of  its  point  of  attach- 
ment to  the  rails,  as  shown  in  Stage  5;  and  when  current  is 
collected  in  this  manner  at  several  centres  along  the  route,  it 
cannot  all  rush  to  one  spot,  near  the  power  station,  where  the 
density  is  not  only  seriously  increased,  but  voltage  and  power 
are  wasted. 

But  if  we  do  without  return  feeders  altogether,  then  the 
current  is  returned  entirely  by  the  rails,  and  the  bonds  are  of 
great  importance. 

Since  the  original  paper  was  communicated,  rail-bonding  has 
been  much  improved,  and  I  believe  we  can  thoroughly  rely  upon 
these  joints  as  permanent  connections.  Adequate  area  of  contact 
with  the  rail,  and  that  of  a  permanent  character,  are  the  main 
points. 

I  have  taken  exception  to  the  supplementary  wire;  but  it 
increased  in  section,  say  every  quarter  of  a  mile,  as  it  approaches 
the  power  station,  it  would  do  nearly  as  well  as  insulated  feeders, 
provided  the  connections  from  the  rails  to  the  generators  were 
made  at  the  nearest  point  to  the  power  station  by  insulated 
cables.  On  lines  where  the  route  rounded  curves  or  loops  it  would 
not  do  as  well,  because  the  current  might  find  a  short  cut  across 
comers  if  the  earth  favoured.  By  this  method,  also,  current  would 
be  "bunched"  at  one  point,  instead  of  being  collected  and  returned 
at  intervals  by  feeders. 

I  now  come  to  the  double-trolley  overhead  system.  (See  also 
Plate  A.) 

In  the  original  paper  I  have  given  an  account  of  my  visit  to 
Cincinnati,  Ohio,  where  this  system  is  in  operation.  I  went  there 
to  look  into  the  system  with  an  open  mind  and  ascertain  whether 
there  were  any  adequate  advantages  to  be  gained  for  the  use  on 
one  track  of  two  overhead  wires  and  two  trolleys  instead  of  one. 
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The  idea  and  the  principle  were,  of  course,  complete  insulation  Mr. 
from  earth. 

I  need  not  repeat  here  what  I  have  already  reported  as  having 
seen  in  Cincinnati,  but  I  may  summarise  by  saying  that  I  found 
one  of  the  trolley  wires  in  connection  with  earth,  although  not  in 
direct  connection.  I  could  light  the  lamps  in  a  single-trolley  car 
by  changing  the  trolley  wheel  on  to  one  of  the  double-trolley 
wires  which  ran  over  the  same  track.  However,  no  direct  path  for 
the  return  current  through  the  earth  would  be  oflfered  by  one 
wire  being  earthed,  because  there  was  (as  there  must  be  with  this 
system)  a  complete  return  circuit  of  insulated  feeders  from  the 
sections  of  negative  trolley  wire  to  the  generators,  in  a  similar 
manner  to  that  on  the  positive  side. 

In  other  words,  the  return  circuit  was  a  complete  duplication 
of  the  outgoing  circuit,  and  the  dynamos  delivered  their  current 
outwards  by  insulated  feeders,  and  received  it  back  by  insulated 
feeders  of  equal  capacity. 

Any  connection  of  either  trolley  wire  to  earth,  therefore,  could 
not  cause  a  flow  of  current  directly  from  the  rails  to  the  generators^ 
since  the  latter  were  not  in  connection  with  earth  at  the  power 
station. 

That  this  fact  was  an  advantage,  in  view  of  electrolytic 
troubles  resulting  from  return  currents  through  earth,  I  could 
not  doubt ;  but,  notwithstanding  the  mechanical  and  commercial 
success  of  the  double  trolley  in  this  city,  I  could  not  but  reflect 
that,  if  we  are  to  have  overhead  wires  at  all,  oiie  is  better  than 
ttoo,  and  there  might  be  other  ways  of  efiecting  the  same  object. 

This  led  me  to  look  at  the  single-trolley  system  again,  and  to 
ask  myself  the  question,  "  Would  not  the  same  immunity  from 
"return  earth  currents  be  secured- if,  instead  of  earthing  the 
"generators  and  favouring  an  earth  path,  the  return  current 
"  should  be  collected  direct  from  the  rails  by  insulated  feeders  in 
**  communication  with  the  negative  side  of  the  generators  ?  "  I 
am  convinced  that  it  would,  and  that  the  gaining  of  such 
immunity  by  insulated  return  feeders,  conilected  at  half-mile 
intervals  to  the  rails  on  a  single-trolley  system,  quite  compensates 
for  the  extra  cost. 
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Thus  I  am  led  back  to  the  same  conditions  as  in  Stage  5 ;  and 
this  conclusion  strengthens  the  position  of  the  single  trolley, 
while,  so  far  as  any  superior  advantage  is  to  be  gained,  it  disposes 
of  the  double  trolley. 

At  the  same  time,  I  am  bound  to  admit  that,  notwithstanding 
the  increased  amount  of  overhead  work,  and  the  extra  insulation 
required  at  points  and  crossings,  no  serious  mechanical  difficulty 
presents  itself  in  the  double  trolley ;  and  the  Board  of  Affairs  of 
that  city  have  acknowledged  its  practicability  and  success  in 
authorising  considerable  extensions. 

To  the  gentlemen  connected  with  both  systems  in  Cincinnati, 
who  courteously  gave  me  opportunities  of  making  observations  on 
any  part  of  their  systems,  and  whose  names  I  have  mentioned  in 
thfe  original  paper,  I  expressed  at  the  time,  after  visiting  the 
power  stations  and  travelling  over  10  miles  in  double-  and  single- 
trolley  cars  in  the  city  and  suburbs,  my  gratification  in  finding 
the  double  trolley  work  so  well;  but  a  somewhat  over-zealous 
though  well-meaning  reporter  put  as  one  of  the  head  lines  of  an 
article  on  my  inquiry  into  that  system,  that  "  London  will  copy.'' 
I  should  be  very  sorry  to  disappoint  that  gentleman  or  his  readers 
in  their  good  wishes  for  our  metropolis,  but  I  have  advanced 
points  which  I  think  show  that  simpler  systems  can  be  made 
equally  advantageous. 

In  the  three-wire  system,  of  which  I  have  prepared  a  diagram 
{see  Plate  A)  of  the  outside  circuit,  two  500-volt  generators  are 
connected  in  series,  the  middle  wire  being  to  earth,  and  the  free 
positive  and  negative  terminals  connected  to  the  feeders  radiating 
from  the  station.  The  single  overhead  trolley  wire  is  used,  divided 
as  usual  into  sections  insulated  from  one  another,  so  that  the  outside 
line  work  is  precisely  the  same  as  in  the  two-wire  system. 
Instead,  however,  of  these  sections  being  all  of  positive  potential, 
they  are  connected  alternately  to  the  positive  and  negative 
feeders.  Thus  only  a  small  part  of  the  total  current  used  in 
propelling  the  cars  returns  by  the  rails  or  earth  to  the  station, 
and  that  only  when  the  load  is  not  balanced  on  the  different 
sections  of  opposite  potential.  For  this  reason,  I  heard  that  the 
system  was  to  be  tried  in  districts  affected  by  pipe  corrosion  on 
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some  of  the  great  lines  in  Massachusetts,  but  with  what  result  I  ^\j^.^„ 
have  not  heard.  There  is,  however,  a  line  in  successful  operation 
at  Portland,  Oregon,  which  I  have  not  seen ;  but  am  pleased  to 
say  that  the  authors  of  the  next  paper,  Mr.  R.  W.  Blackwell  and 
Mr.  Philip  Dawson,  can  give  us  details  of  the  practical  working 
of  this  system,  gathered  on  the  spot. 

I  have  also  laid  before  you  some  notes  on  the  conduit  or 
slotted  rail  system,  which  has  been  working  successfully  for  some 
time  in  Chicago,  and  Washington,  D.C.,  as  I  judged  that  the 
members  of  this  Institution  should  be  put  in  possession  of  such 
information  as  could  be  obtained  on  the  spot.  To  avoid  repetition, 
I  must  refer  you  to  the  original  paper  for  details  of  this  system, 
but  I  have  the  drawings  here  for  your  reference. 

In  the  conduit  there  are  two  rigid  copper  rods  supported  from 
above  at  intervals  on  insulating  blocks  and  gun-metal  clips.  The 
rods  were  in  the  first  instance  stretched  continuously,  but  were 
afterwards  divided  into  sections,  with  sleeves  and  springs  to  take 
up  for  expansion.  I  went  up  and  down  the  line  on  the  cars, 
which  worked  smoothly  and  perfectly ;  and  by  entering  a  manhole 
got  my  head  in  the  conduit,  so  that  I  could  watch  the  running 
of  the  trolley  wheels  as  the  cars  went  by.  The  sparking  was 
inappreciable,  and  the  system  worked  perfectly. 

The  mechanical  details  at  points  and  curves  were  well  worked 
out. 

I  have  seen  other  conduit  systems  on  paper,  and  there  are 
probably  several  that  would  work  equally  well  if  given  so  fair 
a  trial  as  that  in  Washington ;  but  I  have  not  thought  it  worth 
while  to  bring  any  system  before  a  body  of  practical  men,  capable 
of  designing  as  good  systems  as  any  others  at  present  on  paper, 
without  having  seen  it  myself  in  actual  successful  work ;  and  the 
system  described  has  certainly  gained  public  and  administrative 
confidence,  and  I  believe  has  sound  commercial  prospects  of 
further  expansion. 

I  was  very  pleased  to  see  Messrs.  Siemens's  defence  of  the 
Buda-Pesth  conduit  line,  which  is  both  exhaustive  and  timely. 
Somehow  or  other,  an  impression  has  prevailed  that  a  l]-inch  slot 
is  inseparable  from  an  electric  system  ;  whereas  the  case  at  Buda- 
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Pesth  was  that  advantage  was  taken  of  the  wheel  flange  slot 
already  existing,  and  this  was  necessarily  somewhat  wide.  There 
is  no  difficulty  in  making  the  slot  f  inch,  and  bedding  the  insu- 
lated wires  of  the  collector  in  a  J-inch  steel  carrier. 

The  conduit  and  slot  in  the  centre  of  the  track,  however,  is 
the  most  satisfactory,  as  it  is  not  subjected  to  any  continuous 
wear  from  the  travel  of  the  cars. 

Of  the  two  systems  of  electric  street  tramways,  the  single 
trolley  is  most  suitable  for  outlying  districts,  and  the  conduit  for 
towns. 

Although  necessarily  moving  slower  in  town  streets  on 
account  of  the  traflSc,  and  therefore  not  showing  all  their  good 
points,  it  must  not  be  overlooked  that  electric  cars  have  tractive 
power  to  tackle  ascents  of  1  in  10  ;  and  the  running  expenses  per 
car  mile  are  cheaper  than  by  horses. 

The  approximate  total  cost  of  buildings,  machinery,  and  rolling 
stock  is  the  same  in  both  the  trolley  and  conduit  systems,  and 
amounts  to  from  :61,200  to  £1,500  per  motor  car.  The  over- 
head work  and  poles  with  single  trolley  costs  about  £2,300  per 
mile  of  double  track,  including  permanent  way,  and  the  conduit 
system  about  £4,000  per  mile  of  single  track. 

Cost  of  rolling  stock  and  permanent  way  would,  of  course,  be 
materially  reduced  for  smaller  gauges  than  4  feet  8  J  inches. 

The  feeders,  both  main  and  return,  should  be  underground,  at 
any  rate  within  town  limits,  after  which  there  is  not  much 
objection  to  their  being  carried  on  the  same  poles  as  the  trolley 
wire. 

With  the  extensive  experience  gained  in  this  country  in 
underground  conductors,  a  good  drawing-in  system,  with  spare 
ducts  for  adding  to  the  feeders  as  traffic  increased,  could  be  laid 
in  a  thoroughly  reliable  manner,  and  not  cost  very  much  more 
than  special  overhead  poles.  We  should  then  have  the  overhead 
trolley  system  without  the  great  mass  of  heavy  insulated  feeder 
cables  on  tall  poles  so  disfiguring  in  American  cities. 

Let  us  bury  oiur  feeder  cables  and  put  up  no  span  wires,  and 
then  all  that  is  left  is  a  set  of  light  ornamental  poles  spaced  100 
feet  apart,  with  brackets  supporting  one  single-trolley  wire  per 
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track.     Make  them  of  lattice  or  ornamental  scroll  work,  or  make  Mr. 

Wilkinson. 

them  of  more  massive  ornamental  cast  iron,  to  receive  in  addition 
arc  lamps  for  the  lighting  of  the  streets.  But  let  us  be  assured 
that  the  overhead  trolley  is  not  so  unsightly  as  many  would  have 
us  imagine,  and  that  it  can  be  put  up  in  an  ornamental  and 

unobtrusive  manner. 

« 

In  Philadelphia  the  insulated  feeders  are  in  underground 
conduits,  together  with  bare  copper  strips  as  returns ;  but  I  am 
not  aware  whether  the  dynamos  are  insulated  at  the  power  station, 
or  insulated  return  cables  led  to  the  nearest  point  on  the  line  in 
the  manner  I  have  described. 

The  third  rail  system  is  not  generally  applicable  to  any  line<J, 
except  where  built  in  an  exclusive  route  of  its  own.  The  use  of 
storage  batteries  I  have  not  touched  upon.  There  have  been 
trials  in  America,  but  less  experience  gained  than  in  England  and 
the  Continent.  If  the  cost  of  depreciation  and  renewal,  which  is 
out  of  all  proportion  to  that  of  the  transmission  systems,  could  be 
materially  reduced,  the  self-contained  battery  system  would  claim 
attention  for  town  and  city  traflBc.  Data  on  recently  worked 
lines  on  this  system  would  be  welcomed  from  members  who  have 
had  experience  of  such  lines. 

American  cars  have  no  top  seats,  although  the  double-decked 
cars,  as  they  are  termed,  are  coming  into  use  in  a  few  places. 

We  are  lovers  of  fresh  air,  and,  except  in  the  coldest  weather, 
in  America  I  have  taken,  in  common  with  others  of  similar  mind, 
the  standing  room  on  the  driver's  or  conductor's  platforms,  on 
American  cars,  in  preference  to  the  inside.  But  we  in  England 
have  somehow  a  strong  inclination  to  get  up  higher,  and  we  like 
to  see  around  us  from  a  position  of  vantage  and  freedom  ;  and  we 
cannot  give  up  our  top  seats,  no  matter  what  other  advantages 
are  offered. 

Protection  must  therefore  be  afforded  such  passengers  against 
any  breakage  of  the  trolley  wire.  ]VIr.  Alfred  Dickinson  has  met 
this  in  a  very  neat  way,  together  with  more  important  structural 
advantage.-*,  by  putting  his  trolley  wire  on  one  side  of  the  road. 
The  matter  could  also  be  met  by  putting  an  awning  over  the 
top  seats,  as  on  the  steam  tram-cars  in  Birmingham  and  elsewhere. 
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With  the  conduit  system,  of  course,  top  seats  would  need  no 
such  provision. 

With  regard  to  electric  traction  in  the  centre  and  outskirts  of 
our  own  metropolis,  while  impossible  in  our  already  too  crowded 
main  thorough&res,  I  am  still  of  opinion  that  lines  could  be  (aid 
advantageously  in  our  wider  and  less  frequented  thoroughfares, 
which  would  relieve  the  congestion  of  the  narrower  streets,  and 
at  the  same  time  afford  wide  and  attractive  views,  which  would 
draw  people  by  such  a  route  by  preference. 

For  instance,  let  us  say  that  one  of  our  Westminster  Ughts 
has  been  seeing  a  client  in  the  City  and  is  returning  to  West- 
minster,^-or  perhaps  it  would  be  more  dignified  to  say  that  a  City 
client  has  an  appointment  with  a  Westminster  luminary.  He  is, 
of  course,  pressed  for  time,  and  sooner  than  go  by  'bus  up  crowded 
Fleet  Street  and  the  Strand,  with  an  exasperating  wait  or  change 
at  Charing  Cross,  he  will  take  a  ticket  at  the  Mansion  House  or 
Blackfriars  and  get  himself  put  do\m  at  Westminster  Bridge  by 
the  District  Railway.  But  if  some  one  informed  him  that  electric 
cars  ran  every  two  minutes  from  Blackfriars  to  Westminster  Bridge 
via  the  Victoria  Embankment,  and  would  land  him  there  in  ten 
minutes,  I  am  very  much  mistaken  if  he  would  not  take  that 
route. 

At  any  rate,  if  nothing  short  of  a  cab  would  suit  our  City 
man  on  such  a  visit,  I  suspect  that  the  route  named  would  be 
much  sought  after  and  appreciated  by  the  ordinary  travelling 
public;  and  this  noble  thoroughfare  would  be  made  a  scene  of 
life  and  energy,  and  be  an  attraction  to  many  who  cannot  spare 
the  time  to  walk  along  it.  I  respectfully  commend  this  to  the 
notice  of  the  London  County  Council  as  a  scheme  that  might 
well  be  combined  with  that  of  the  river  frontage  electric  lighting, 
and  be  a  work  of  great  public  utility. 

I  only  mention  this  in  passing  as  an  instance,  but  we  have 
only  to  look  around  our  outlying  districts  and  see  plenty  of  pay- 
ing routes  to  our  breathing  spaces,  open  commons,  parks,  &c., 
where  neither  horses  nor  the  railroad  are  practicable,  where  the 
ascents  with  heavy  loads  cannot  be  tackled  by  horse-flesh, 
and  railroads  would  mean  cuttings  and  tunnels  on  the  level ;  but 


1894.]  UNITED   STATES  AND  CANADA.  641 

the  electric  car  can  easily  climb  hills  and  take  heavy  loads  of  ^fj^^^^ 
people  to  where  they  can  get  Nature's  best  tonics — ^long  stretches 
of  view  and  pure  air.     The  termini  of  such  lines  could  be  situated 
with   the  greatest  advantage  at  or  near  the   suburban  railway 
stations. 

The  points  I  have  hitherto  brought  forward  have  been  almost 
entirely  confined  to  experience  in  the  States,  where,  in  fact,  most 
experience  has  been  gained ;  but  in  so  far,  at  least,  as  adminis- 
trative, industrial,  and  public  opinion  in  this  country  may  be 
influenced  by  what  has  been  done  on  the  New  Continent,  there  is 
much  to  be  said  on  the  progress  made  by  our  compatriots  in  the 
Dominion  of  Canada. 

As  in  the  States,  the  life  is  vigorous  and  expansive,  but  none 
the  less  in  true  accord  with  British  instincts. 

The  cities  of  Montreal  and  Toronto  are  well  provided  with 
electric  tramways,  and  the  citizens  avail  themselves  of  this  means 
of  transport  in  living  out  some  distance  in  the  suburbs.  The  streets 
of  the  city  of  Toronto  are  as  well  laid  out  and  kept  as  those  in 
our  own  metropolis,  the  roadways  being  asphalted,  and  the  foot- 
ways well  flagged.  The  overhead  trolley  is  everywhere  in  use, 
and  aesthetically  does  not  intrude  upon  the  general  appearance 
of  the  city. 

In  Montreal,  I  went  over  the  new  power  station  of  the 
Montreal  Street  Railway  Co.,  then  being  fitted  up  with  engines 
and  boilers  of  3,600  H.P  The  engines  and  dynamos  were  of 
Canadian  manufacture,  and**  the  boilers  were  from  England.  This 
station  was  designed  to  meet  the  needs  of  the  entire  tramway 
system  of  the  city  after  converting  all  the  remaining  horse  cars 
into  electric.  The  change  meant  an  electric  supply  to  something 
like  150  motor  cars,  with  nearly  as  many  trailers. 

The  rails  in  these  two  cities  are  of  the  grooved  girder  type,, 
imported  from  Great  Britain,  72  lbs.  to  the  yard,  and  laid,  as  in 
this  country,  directly  on  the  concrete  foundation  of  the  roadway 
with  tie  rods,  but  not  sleepers. 

While  scarcely  coming  under  the  head  of  ordinary  road  tram- 
ways, the  electric  line  from  Queenstown  to  Chippewa,  Ontario,, 
is  of  special  interest. 
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Mr.  The  line  follows  the  western  side  of  the  Niagara  Strait  near 
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enough  to  the  edge  of  the  eliflf  to  obtain  magnificent  views  of  the 
Falls  and  rapids,  and  was  built  by  the  Niagara  Falls  Park  and 
River  Railway  Co.  on  Government  ground,  rented  at  £2,000  per 
annum,  with  the  object  of  developing  tourist  and  excursion  traffic. 
It  was  only  opened  in  May,  1893,  and  in  that  summer  10,000  to 
15,000  people  travelled  on  the  line  per  day,  at  fares  ranging  from 
2|d.  to  3s.  The  latter  is  the  return  fare  covering  23  miles.  Tlie 
takings  during  July  and  August  were  £500  per  day.  Land  in 
the  vicinity  fetched  £40  an  acre  when  the  line  was  first  con- 
structed. After  six  months'  working  it  fetched  £100  per  acre, 
and  no  doubt  will  continue  to  rise,  as  the  company  intend  laying 
out  a  few  good  hotels,  and 'the  facility  of  locomotion  promises  the 
starting  of  good  residential  property  on  the  heights,  which  have 
hitherto  been  unapproachable  except  at  rates  particularly  gratify- 
ing to  cabmen. 

The  line  is  of  the  most  substantial  character,  laid  as  a  steam 
railroad,  with  56-lb.  rails,  on  sleepers,  and  ballasted.  There  were 
last  year  24  motor  cars,  10  of  which  were  "  observation  cars,"  and 
18  trailers.  The  observation  cars  weigh  20  tons  loaded,  and  carry 
over  100  people  easily.  They  are  s])ecially  constructed  with  two 
rows  of  seats,  fitted  lengthways  in  the  car,  one  above  the  other, 
and  facing  one  way,  so  that  everyone  can  get  the  view. 

The  usual  thing  is  to  run  one  motor  car  and  one  trailer  with 
over  150  people  aboard. 

It  was  anticipated  that  there  would  be  a  fair  amount  of  traffic 
in  winter  as  soon  as  the  ice  bridge  was  formed  below  the  Falls,  as 
this  is  a  great  attraction.  There  was  a  foot  of  snow  on  the  ground 
when  I  went  over  the  line,  but  the  travelling  was  most  agreeable, 
as  the  cars  were  kept  up  to  a  comfortable  temperature  by  electric 
heaters  undier  the  seats,  supplied  with  current  tapped  off  the 
circuit.  Six  of  these  heaters  in  a  car,  three  on  each  side  in 
multiple  series,  consumed  2  amperes  at  500  volts,  and  would 
therefore  cost  less  than  3d.  an  hour.  The  cars  were  well  lighted 
by  glow  lamps,  and  the  route  was  lighted  by  clusters  of  these 
lamps  placed  at  the  top  of  every  alternate  pole. 

I  am  much  indebted  to  Mr.  W.  T.  Jennings,  C.E.,  of  Toronto, 
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who  designed  the  line  and  i)ower  plants  for  his  courtesy  in  showing  Mr. 
me  over  the  line  and  affording  me  information  for  this  paper. 
The  power  is  derived  mainly  from  the  Falls,  a  head  of  57  feet 
clear  fall  being  utilised,  which  now  supplies  three  wheels  of 
1,000  H.P.  each,  one  being  in  reserve.  To  meet  the  heavy  loads 
when  climbing  the  Queenstown  heights,  up  a  grade  of  1  in  20,  it 
was  found  more  economical  to  put  a  small  additional  power  house 
down  at  that  terminus,  with  dynamos  driven  by  steam  power, 
than  run  two  37/15  or  one  37/12  insulated  feeders  from  the  water- 
power  station,  a  distance  of  nine  miles,  which  would  have  cost  at 
least  £2,600. 

This  fact  is  significant  of  economies  to  be  eflfected  in  trans- 
mission, and  seems,  as  far  as  long  lines  and  heavy  traffic  are 
concerned,  to  point  to  a  practical  conclusion  as  regards  the 
maximum  power  per  station  in  street  tramway  power  plant 
similar  to  that  enunciated  by  Mr.  Crompton  with  reference  to 
electric  lighting  stations,  namely,  that  there  is  a  limit  to  the 
amount  of  power  it  is  economical  to  supply  from  one  point  only. 
The  cost  of  insulated  feeders  comes  in  as  a  considerable  item  in 
first  cost  on  lengths  above  five  miles,  and  the  loss  of  voltage  and 
energy  in  transmission  of  the  current  is  a  continuous  one.  I 
tliink  it  worth  while  to  consider  high-tension  transmission  by 
underground  feeders  and  the  use  of  motor-transformers,  or  the 
direct  use  on  ordinary  lines  of  what  the  Americans  call  "  boosters,'' 
or  motor-generators ;  or,  again,  the  three-wire  system,  or  the 
establishment  of  power  stations  situated,  not  as  they  are  now, 
namely,  in  the  centre,  from  which  lines  radiate  outwards,  but  at 
the  most  distant  points,  and  feeding  towards  a  centre.  The 
stations  are  situated  in  this  manner  in  the  city  of  Cleveland, 
Ohio,  and,  through  the  courtesy  of  Mr.  Wason,  I  am  pleased  to  be 
able  to  show  you  a  day-load  curve  (see  Plate  B.)  The  largest  curve, 
which  reaches  3,400  amperes  at  seven  o'clock  in  the  morning,  is  from 
the  original  station,  and  you  will  see  the  curves  below  of  two  new 
stations  feeding  into  the  same  network,  and  which  together  add 
another  2,400  amperes  at  the  same  hour.  The  curve  was  that  for 
the  day  previous  to  my  \'i8it,  when  the  ground  was  covered  with 
frozen  snow  and  the  temperature  was  9  degrees  of  frost.    Of  the 
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Mr.  total  current,  about  600  amperes  is  used  to  drive  motors  in  shops 
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and  factories. 

It  should  be  pointed  out  that,  while  the  curve  gives  a  general 
idea  of  the  average  load,  and  the  hours  of  maximum  and 
minimum  load,  the  area  does  not  give  the  integration  of  the 
total  output,  as  the  readings  were  only  taken  half-hourly,  and 
the  changes  of  load  on  a  tramway  circuit  are  too  frequent  to 
admit  of  accuracy  in  any  readings  of  current  at  longer  intervals 
than  a  few  seconds. 

I  have  specially  made  mention  of  the  Canadian  line  at  the 
Falls  on  account  of  four  points  which  are  deserving  of  notice  and 
reflection.  The  first  I  have  already  touched  upon,  namely,  the 
cultivation  of  tourist  and  excursion  traffic  along  a  route  where 
attractive  views  and  fresh  air  can  be  obtained. 

The  second  point  is  that  the  termini  are  in  close  proximity  to 
two  main  lines  of  railway — ^namely,  the  Michigan  Central  and  the 
Grand  Trunk — which  not  only  increases  the  tourist  traffic,  but 
creates  a  traffic  of  its  own  independent  of  scenery,  but  with  the 
scenery  thrown  in. 

The  third  point  is  that  the  line  passes  nea^  an  agricultural 
and  fruit-growing  district,  and  special  freight  cars  have  been 
added  for  conveyance  of  these  crops  to  the  railways  at  rates  lower 
than  could  formerly  be  obtained,  and  at  the  same  time  profitable 
to  the  tramway  company. 

And,  fourthly,  the  line  forms  part  of  a  through  connection 
between  the  two  large  cities  of  Toronto,  on  the  North,  and 
Buft'alo,  on  the  South,  by  steamboat  connection  at  the  termini  of 
the  line. 

The  line  has  already  been  described  to  you  by  Mr.  W.  H. 
Preece,  in  his  paper  at  the  beginning  of  last  session,  in  a  more 
fascinating  way  than  I  can  hope  to  bring  it  before  you.  When 
Mr.  Preece  first  enlivened  us  by  his  presence  at  the  Chicago 
Exposition,  everyone  who  was  bound  to  admit  to  him  that  he  had 
not  seen  that  line  at  the  Falls  felt  somehow  at  once  to  have  lost 
half  his  stature. 

Mr.  Preece,  like  all  Englishmen,  when  he  takes  his  seat  in  a 
tram-car  or  railway  carriage,  likes  to  go  ahead,  and  I  think  hia 
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experience  of  the  elevated  steam  railway,  or  so-called  "  rapid  Mr. 
"  transit "  line,  in  Chicago  will  agree  with  mine — that  it  is  not  much 
quicker  than  the  street  surface  cable  and  electric  lines,  and  does 
not  comi>are  favourably  with  our  own  suburban  railway  systems. 
I  suppose  our  railways  in  and  around  the  metropolis,  which  I  think 
are  second  to  none  in  the  world  for  speed  and  safety,  somewhat 
spoil  an  Englishman  for  any  more  tardy  lines. 

While  it  is  evident  that  the  combination  of  fortuitous  con- 
ditions in  the  Canadian  Falls  line  is  very  exceptional,  yet  I  am  of 
opinion  that,  by  keeping  these  and  other  favourable  conditions 
in  view,  there  are  many  districts  in  our  own  country  where 
electric  tram  lines  could  be  put  down  at  once  with  advantage. 

I  have  drawn  attention  in  my  paper  to  some  points  in  power 
station  plant,  more  particularly  with  reference  to  fly-wheel  strains 
under  the  exceptionally  sudden  changes  of  load  in  street  tramway 
work,  which  are  sometimes  the  cause  of  serious  mishaps.  The 
ordinary  fluctuations  in  load  are  caused  by  the  starting  or  stopping 
by  chance  of  a  number  of  cars  at  the  same  instant,  the  variations 
being  at  times  from  over  full  load  to  quarter  load ;  and  ihe  more 
excessive  fluctuations  are  due  to  short-circaits,  or  the  sudden 
release  of  load  by  automatic  circuit-breakers.  In  one  large  station 
of  4,000  H.P.  I  was  informeJl  that  the  average  was  20  short- 
circuits  per  day.  Most  of  these  were  temporary,  and  caused  either 
by  high  winds  shifting  some  of  the  overhead  gear,  or  falling  telegraph 
or  telephone  wires,  but  in  exceptional  cases  caused  by  the  trolley 
wire  itself  breaking  and  felling  on  to  the  rails  or  groimd.  An  over- 
load or  short-circuit,  when  driving  by  belt,  put«  a  sudden  brake  on 
the  periphery  of  the  fly-wheel  and  a  shearing  strain  on  the  spokes. 

The  belt,  of  course,  slips,  but  at  times  it  parts  or  is  thrown 
off,  and  in  the  course  of  its  career  sometimes  damages  the 
governor  and  leaves  the  engine  uncontrolled,  under  which  circum- 
stances it  is  rare  if  there  is  time  to  shut  down  before  something 
goes ;  and,  as  they  tersely  put  it  on  the  other  side,  it  is  best  to 
get  behind  a  pillar  and  await  developments,  llie  bending  strains 
set  up  in  the  rim  by  centrifugal  force  in  a  racing  engine  appear 
to  have  been  the  cause  of  more  fractures  of  the  wheel  than  the 
shearing  strains. 

VOL.  xxin.  46 
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^- .  The  reason  for  wheels  Avith  one  to  two  thousand  foot-tons  of 

stored  energy  is,  presumably,  to  secure  regulation  of  speed  in 
engines  having  a  small  number  of  steam  admissions  per  unit  of 
time;  but  I  think  it  will  be  admitted  that  the  governor  has  more 
chance  of  producing  an  immediate  eflFect  upon  the  speed  when 
there  are  a  large  number  of  admissions  per  unit  of  time,  and  there 
is  the  additional  advantage  in  the  use  of  much  smaller  and  solid 
fly-wheels  of  approximately  one-tenth  the  stored  energy,  and 
therefore  well  able  to  "  stand  the  racket "  with  safety. 

Regarding  the  use  of  belts,  I  think  engineers  in  the  States 
are  coming  to  see  that  it  is  worth  while  to  put  a  little  more 
material  in  the  generators  and  do  without  these  weak  links  in 
the  chain  of  transmission.  At  any  rate,  I  noticed  many  of  the 
newer  plants  were  direct-driven,  with  marine-type  engines. 

I  admit  that  there  is  something  very  stately  and  imposing 
in  a  long  row  of  trip-gear  engines  with  large  fly-wheels  and  belts. 
I  enter  very  keenly  into  the  enjoyment  of  such  a  sight,  and  am 
also  much  impressed  by  the  number  of  yards  super,  in  stone  and 
brick  outside  the  building,  and  feet  super,  of  floor  inside ;  but 
when  we  have  to  consider  capital  cost  of  works,  and  adaptability  of 
plant  to  get  down  in  good  shape  to  its  work  under  trying  condi- 
tions with  safety,  we  may  wisely  let  such  considerations  take  a 
secondary  place. 

Our  corporations  would  do  well  to  study  the  needs  of  the 
l>oople  in  and  around  their  townships ;  and  I  am  confident  that 
the  good  sense  and  judgment  they,  as  business  men,  always 
di^^play  in  schemes  for  the  benefit  of  their  townspeople,  would 
lead  them  to  select  paying  routes  for  light  railways  not  paralleling 
the  ordinary  railways,  and  which  would  not  only  meet  the  needs 
of  the  daily  transference  of  the  population,  but  take  in  and  out 
light  market  freights,  and,  by  alTording  healthy  travel,  tend  to 
foster  the  energies  of  their  townspeople. 

The  success  of  the  Isle  of  Man  Electric  Tramway  is  an  indica- 
tion that  such  needs  of  the  population  do  exist,  and  when  catered 
for  and  fostered,  result  in  benefit  to  themselves,  the  promoters, 
and  indirectly  to  the  country  at  large. 

As  I  have  before  pointed  out,  such  lines  create  traffic  of 
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themselves,   and  raise   the   value  of  land  and  property  in  the  Mr. 
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viemity. 

I  venture  to  predict  that  if  facilities  for  reasonably  quick  and 
cheap  travel  between  the  suburban  districts  of  our  large  towns  and 
outlying  villages  were  aflForded  the  masses,  they  would  gladly 
avail  themselves  of  them.  Such  facilities  would  afford  them 
enjoyment  of  open  space,  pure  air,  and  opportunities  of  observing 
life  in  different  grooves  to  their  own  on  the  one  hand,  and  cheap 
carriage  for  market  produce  on  the  other,  which  could  only  have 
a  beneficial  effect,  and  would  most  probably  bring  about  an 
alleviation  of  agricultural  discontent,  and  a  mitigation  of  the 
crises  resulting  from  the  labour  problems  of  the  day. 

Speeds  can  be  accelerated  somewhat  in  the  open  country. 

The  recent  proposal  made  by  the  Board  of  Trade  to  the 
Chambers  of  Commerce  and  other  bodies  interested,  to  discuss 
the  question  of  light  railways,  is  an  action  of  much  importance 
to  the  country  at  large,  apart  from  the  consideration  of  systems 
of  travel,  and  one  that  I  am  sure  is  fully  appreciated  by  this 
Institution. 

The  questions  of  land,  permanent  way,  signals,  staff*,  level 
crossings,  and  fencing  in  where  it  is  not  practicable  for  such  lines 
to  take  the  high  road,  are  to  be  brought  forward. 

The  Board  of  Trade  has  ever  shown  the  most  ready  spirit  to 
favour  electrical  enterprises  in  the  best  interests  of  the  public, 
with  due  regard  to  the  protection  of  property,  as  exemplified  in 
Electric  Lighting  Orders  and  in  the  drawing  up  of  the  present 
practical  code  of  Regulations  for  Electric  Railways ;  and  I  have  no 
doubt  that  the  question  of  operating  light  railways  in  suburban, 
inter-urban,  and  country  districts  by  electricity  will  be  thoroughly 
brought  forward  by  the  engineering  and  electrical  trades  section 
of  the  London  Chamber  of  Commerce,  in  response  to  the  esteemed 
invitation  issued  by  Sir  Courtenay  Boyle. 

We  can  count  on  our  fingers  the  number  of  electrically 
worked  roads  in  the  United  Kingdom,  and  they  can  only  claim  a 
short  mileage;  but  I  beg  to  assure  our  American  cousins  that 
this  is  not  because  we  are  afraid  of  running  into  the  sea.  There 
are  more  people  to  the  square  mile  in  our  large  towns  and  cities 
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Mr.  than  in  more  roomy  America,  and  our  streets  are  not  mapped 
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out  on  squared  paper  before  a  town  is  built.  Hence  the  special 
character  that  must  necessarily  pervade  our  designs  in  electric 
roads. 

After  all,  mileage  is  not  the  only  gauge  of  advancement. 
What  will  do  for  one  American  city,  generally  speaking,  does  for 
a  second,  a  third,  and  a  thousand.  It  is  refreshing  to  notice  the 
individual  character,  in  institutions,  public  works,  and  speech,  that 
obtains  in  the  diflferent  townships  of  our  country,  in  contrast  to 
the  sameness  of  cities  in  the  States.  At  the  same  time,  this  means 
more  investigation  into  the  needs  of  the  people  and  design  of  road, 
calling  for  greater  achievements,  although  not  on  so  large  a  scale. 

Taking  the  cities  of  Liverpool  and  London,  for  instance,  we 
have  our  elevated  electric  road,  our  subterranean  electric  road, 
and  a  second  now  building,  which  are  engineering  works  of  the 
highest  order,  and  exceedingly  well  adapted  to  the  necessities  of 
our  traffic.     I  call  these  achievements  to  be  proud  of. 

In  conclusion,  I  may  be  permitted  to  say  that,  while  judging 
such  information  as  I  could  bring  to  bear  upon  the  question  as  it 
aflFects  us  in  this  country  to  be  of  interest  to  our  engineers,  as  it 
certainly  has  been  given  me  with  infinite  open-handedness  and 
cordiality  by  my  American  friends,  I  do  not  cease  to  recognise  the 
great  labours  and  genius  of  our  great  engineers  and  electricians 
who  have  frequently  addressed  you  in  this  room,  and  from  the 
Presidential  chair  in  both  this  Institution  and  the  Institution  of 
Civil  Engineers,  and  whose  indomitable  perseverance  and  energy 
have  led  the  van  in  laying  the  earliest  electric  rails  in  the 
United  Kingdom. 
r!i*sidenti  '^^^  President:    Gentlemen,— After   the  demonstration    of 

applause  which  has  followed  the  reading  of  the  paper,  I  need 
hardly  ask  you  to  pass  a  formal  vote  of  thanks  to  Mr.  Wilkinson, 
either  for  the  paper  which  has  already^been  published  in  the 
Proceedings,  and  which  I  have  no  doubt  every  one  of  you  has 
read  with  interest,  or  for  these  additional  remarks  which  he  has 
just  given  us ;  but  before  I  call  upon  you  to  discuss  those  papers, 
I  think  we  had  better  hear  another  paper  on  a  similar  subject 
which  has  been  submitted   by  Mr.   K.   W.   Blackwell,   Foreign 
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Member,  and  Mr. Philip DaveoD,  Associate, on  "Electric  Traction, 
"  with  Special  Reference  to  the  Installation  of  Elevated  Con- 
"  ductors." 

The  following  paper  was  then  read : — 


ELECTRIC  TRACTION,  WITH   SPECIAL  REFERENCE  TO 
THE  INSTALLATION  OF  ELEVATED  CONDUCTORS. 

By  Robert  W.  Blackwell,  Foreign  Member,  and 
Philip  Dawson,  Associate. 

In  conversation  with   Mr.  Wilkinson  a  few  days  ago,  the  Mr. 

°  ,     Bla'Awell 

suggestion  was  made  that  some  supplementary  memoranda  «*  jir. 
relating  to  electric  tramway  practice — collected  during  the  past 
six  months  which  we  have  passed  in  studying  construction  on 
the  principal  American  lines,  and  in  visiting  the  late  large  Con- 
tinental installations — might  meet  with  your  acceptance ;  and  it 
was  also  thought  that  an  exhibition  of  apparatus  employed  in 
erecting  and  working  elevated  conductor  lines  would  be  of  interest 
at  this  juncture. 

The  marvellously  rapid  and  successful  introduction  of  electric 
traction  in  the  United  States  is  now  an  old  story.  That  600 
electric  tramways  are  there  operating  nearly  9,000  miles  of  track 
and  20,000  cars, — that  nearly  three-fourths  of  the  tramway  move- 
ment of  the  country  is  electrical, — that  £45,000,000  is  there  in- 
vested in  electric  tramways, — and  that  this  tremendous  result  has 
been,  to  all  intents  and  purposes,  eflfected  within  five  years, — can- 
not but  appeal  pleasantly  to  the  electrical  engineer.  Germany, 
France,  Belgium,  Austria,  Switzerland,  are  already  investing 
millions  in  electric  traction,  and  there  seems  every  reason  to 
believe  that  England  will  shortly  join  the  march  of  progress. 

Probably  no  practical  point  in  electric  traction  was  less 
understood  a  few  years  ago  than  "  rail-bonding,"  and  a  few  words 
may  be  added  to  what  has  been  said  on  that  subject.  Its 
importance  has  but  recently  been  appreciated,  and  it  is  of  first 
importance.     It  may  be  taken  that  the  bonds  connecting  rails 
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should  be,  as  nearly  as  i)ossible,  of  the  same  current  capacity  as 
the  metals  themselves.  If  a  70-lb.  rail  be  used,  the  sectional  area 
of  copper  bonds  should  be  as  nearly  as  possible  seven-sixths  of  a 
square  inch,  the  ordinary  steel  rail  having  approximately  one- 
sixth  as  much  conductivity  as  commercially  pure  copper.  This 
would  exceed  nine  No.  0  copper  wires. 


t 
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When  electric  roads  were  first  constructed,  a  No.  4  galvanised 
iron  wire  was  considered  sufficient ! 

The  contact  surface  of  bond  and  rail  should  be  as  large  as 
l)ossible.  With  heavy  bonding  and  insulated  return-circuit 
feeders,  the  danger  of  corroding  gas  and  water  pipes  (a  danger 
that  has  boon  greatly  and  unnecessarily  exaggerated)  is  practically 
oiiL  The  Toronto,  Baltimore,  Salt  Lake  City,  and  many  other 
systems  may  be  cited  in  support  of  this  statement.  In  cities 
earlier  equipped,  where  the  lightest  of  rail-bonds  and  return 
feeders  were  employed,  and  very  heavy  current  dealt  with,  serious 
results  undoubtedly  ensued,  as  at  Boston,  where  electric  traction 
was  first  installed  on  a  large  scale.  By  the  use  of  modem 
appliances  the  trouble  there  has  almost  ceased  to  exist.  The 
tramway  company  employs  special  workmen  to  accompany  gas 
and  water  construction  gangs,  and  to  connect  all  water  and  gas 
pipes  laid  in  the  neighbourhood  of  the  power  house  to  heavy  bare 
copper  cables  returning  to  the  stations.  It  must,  however,  be 
borne  in  mind  that  in  that  city  an  approximate  total  of  13,000 
E.H.P.  has  to  be  dealt  with  by  the  three  power  stations  of  the 
West  End  Street  Railway  Company.  The  following  are  the 
figures  of  January  27th,  1894,  on  which  day  577  cars  and  71  snow 
ploughs  were  running  :  — 
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Stations. 


Aleston 

Cambridge.. 

Central 


Ilocrs  mn. 

16 
18 
24 


Mean  Cnrrent  for 
the  Day. 


1,203   amps. 
4,088        „ 
12,706        „ 


j  Mr 
Maximum  Current,  j  ^IS Mn" 
Daweon. 


1,580  amps. 
5,425        „ 
14,400 


The  average  monthly   car  mileage   of   this   line   in    1893   was 
1,325,000  miles. 

Professor  Jackson,  of  the  University  of  Wisconsin,  has  found 
by  experiment  that  the  chemical  composition  of  the  soil  has  a 
great  influence  on  corrosion.  The  most  favourable  to  it,  and 
having  the  smallest  resistance,  is  that  in  which  there  is  the 
greatest  proportion  of  chlorides.  Nitrates  come  next,  and 
sulphates  last. 

If,  after  all  ordinary  precautions  are  taken,  corrosion  still 
continues,  bare  copper  cables  are  connected  to  the  negative 
terminal  of  the  generators  at  the  switch-board,  and  to  all  pipes  in 
the  neighbourhood  of  the  station. 

So  far  as  possible  the  use  of  earth  for  the  return  circuit  should 
be  avoided.  In  conversation  lately  with  Mr.  Sprague,  who 
developed  the  traction  department  of  the  Edison  Company,  he  laid 
great  stress  upon  the  advisability  of  laying  the  rails  upon  good 
stone  ballast,  and  coating  all  bonds  and  connections  with  insula- 
ting and  preservative  compound,  such  as  the  well-known  "  P.  &  B." 

The  practice  of  laying  bare  copper  wires  along  the  whole 
length  of  the  track,  once  regarded  as  indispensable,  is  now 
practically  abandoned.  It  has  been  found  that  wire  so  laid 
rapidly  deteriorates  and  wastes  away.  All  the  copper  is  put  into 
the  bonds,  the  rails  are  cross-connected  approximately  every  90 
feet,  and  where  the  volume  of  current  exceeds  the  economical 
carrying  capacity  of  the  bonded  rails  insulated  return-circuit 
conductors   are   employed.      A  number   of  _ 

rail-bonds   of    approved   make   are   on   the     ^pH^^^^^%^^ 
table.     It  is  interesting  to  compare  them    uBrooklyn'' Rail-Bond 
with  this  galvanised   iron  wire   bond  of  a 
few  years  ago.     Here   are  also  two   samples  of  rail-bonds   laid 
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some  three  years  ago— one  of  copper,  the  other  iron.  You 
see  that  both  have  entirely  given  way.  They  were  utterly 
insuflBcient  to  carry  the  current  of  the  line,  and  are  examples  of 
what  was  considered  good  bonding  when  they  were  laid.  The 
iron  bond  when  laid  was  electrically  welded  to  the  rails,  but  the 
process  employed  was  evidently  unsuccessful.  This  "  Brooklyn  " 
rail-bond,  as  its  name  implies,  has  been  extensively  used  in 
that  city.  It  is  a  simple  strip  of  copper,  so  bent  as  to  provide 
for  expansion  and  contraction.  A  drive-fit  tapered  iron  rivet 
at  either  end  holds  it  to  the  rails.  This  "  West  End "  bond 
i3  largely  employed  by  the  Boston  tramways.  An  iron  taper  is 
brazed  on  to  the  copper  wire  at  the  points  where  the  bond  is 
driven  through  the  web  of  the  rails,  and  a  soldering  sleeve  con- 
nects the  frea  ends  of  the  wire.    This  "  Vail "  bond  is  composed  of 
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"Chicago  "Rail-Bond. 


flexible  stranded  copper  cable,  welded  into  heavy  terminals,  which 
are  provided  with  copper  riveting  projections  to  be  forced  through 
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the   web.      This  **  Chica<;o  ^  rail-bond    is    more   elaborate    and  Mr. 
effective.  »?^- 

The  rail-bond,  C,  is  a  copper  rod  or  wire  having  tubular  or 
thimble-shaped  terminals,  which  are  bent  at  right  angles  to  the 
bond,  and,  with  its  two  tubular  terminals,  is  composed  of  one  solid 
piece  of  rolled  copper. 

The  tubular  or  thimble-shaped  terminals,  A,  are  inserted  into 
holes  through  the  web  of  the  rail,  a,  and  the  slitted  end  of  the 
terminal.  A,  is  spread  or  clinched  over  on  the  rail  with  a  hammer 
and  punch  :  this  holds  it  from  drawing  back  out  of  the  hole. 

The  drift  pin,  B,  which  is  larger  than  the  opening  in  the 
tubular  or  thimble-shaped  terminal.  A,  is  then  driven  into  said 
terminal,  thus  expanding  it  and  wedging  it  into  solid  contact 
with  the  surface  of  said  hole  through  the  web  of  the  rail,  a, 
making  an  absolutely  solid  joint,  from  which  every  particle  of  air 
and  moisture  is  excluded,  and  proof  against  corrosion  or  electrolysis. 


Size 
of 

Wire. 

Diameter  ot  Hole 
in  Rail  into 

trbich  Teiminal  ot 
Bond  fits. 

Diameter  of 

Hole 
in  Terminal. 

Depth  of  Hole 

in  Terminal, 

not  indudiuff 

Point. 

Diameter 
of 
Pin- 

0000 

000 

00 

0 

g  inch 
i     » 

-j^inch 

1  inch 
1     „ 
1     ,. 
1     „ 

i  inch 

T6      " 

It  must  be  noted  that  the  enlarged  terminals  are  of  sufficient 
diameter  to  avoid  any  choking  of  the  current  as  it  passes 
from  the  rail  into  the  bond.  As  has  been  before  said,  the  con- 
tact between  rail  and  bond  should  be  as  near  as  possible  seven 
times  the  sectional  area  of  a  bond  wire  sufficient  to  carry  the 
given  current.  The  sections  shown  exhibit  the  construction  very 
fully.  While  the  solid  copper  bond  possesses  all  the  flexibility 
found  to  be  necessary,  it  is  made,  when  desired,  with  flexible 
stranded  copper  cable  between  the  terminals.  Four  hundred  and 
fifty  miles  of  electric  railways  in  and  about  Chicago  use  this  bond. 

Mr.  Wilkinson  has  fully  described  and  illustrated  other  types 
of  bonds,  to  which  it  is  unnecessary  to  again  refer. 
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It  may  be  said,  broadly,  that  no  surface  contact  between  bond 
and  external  web  of  rail  has  shown  any  permanent  value. 

Whether  electric  welding  will  eventually  take  the  place  of 
all  lx>nding  is  still  an  undecided  question.  It  has  not  yet  stood 
the  test  of  practical  use  on  a  large  scale  for  a  suflSciently  long 
period  to  pronounce  an  opinion. 

When  first  introduced  in  Boston  it  was  not  successful,  many 
rails  breaking  near  the  joint  after  some  months'  use.  The 
process  has  since  been  improved,  and  a  trial  section  of  line  was  in 
course  of  being  welded  when  the  "  West  End "  Street  Railway 
was  visited  last  June.  Seven  miles  of  welded  track  have  given 
satisfaction  for  some  months  in  St.  I^uis.  Over  100  miles  are 
now  being  welded  in  Brooklyn,  and  the  result  of  this  trial  will 
demonstrate,  after  a  year  or  two,  the  value  of  welding.  At 
pre^sent  it  takes  from  10  to  15  minutes  to  make  a  welded  joint, 
and,  on  an  average,  a  current  of  about  250  amperes  at  550  volts 
is  necessary,  which  is  transformed  into  an  alternating  current  at 
2  to  3  volts  pressure.  Approximately,  each  joint  costs  12s.  to 
158.  It  is  said  that  the  pioneer  company  in  electrically  welding 
rails  has  already  invested  over  £120,000  in  experiments. 

It  is  worth  mentioning  that  modern  American  practice  is  to 
butt  the  rails,  allowing  nothing  for  expansion,  wherever  the 
streets  are  paved.     The  result  is  a  nearly  perfect  joint. 

With  heavy  cars,  having  at  least  4  to  5  tons  load  on  each  axle, 
this  is  of  the  highest  importance. 

A  number  of  sections  of  standard  American  tramway  rails  are 
shown,  and  you  will  see  from  them  that  the  highway  authorities 
there  are  not  quite  so  strict  as  they  are  in  England,  and  allow  of 
the  use  of  a  rail  which  presents  much  less  obstruction  to  the  easy 
nmning  of  a  tram-car  wheel. 

INIr.  Wilkinson  refers  to  the  possible  adoption  of  the  three- 
wire  system  for  electric  tramways.  That  system  has  been  in 
satisfactory  use  in  Portland,  Oregon,  for  the  past  four  years. 
Compound-wound  generators,  working  at  500  volts  without  load, 
and  550  volts  with  full  load,  are  used.  The  success  of  this 
system  depends  upon  the  load  of  the  various  sections  being  nearly 
balanced.     At  Milwaukee,  where  local  conditions  did  not  allow  of 
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proper  balancing,  the  system  was  tried,  and  given  up  as  a  failure.  Mr. 
The  three-wire  system  was  introduced  at   Portland  because  the  ^^  Mr. 

•^  Dawson. 

generating  station  was  three  miles  away  from  the  nearest  point  of 
the  line,  and  the  cost  of  feeders  would  have  been  necessarily  heavy. 
By  the  three- wire  system  1,100  volts  could  be  used,— 550  and 
+  550,  between  each  two  sections  of  trolley  wire.  The  rails  were 
connected  to  the  neutral  terminal  at  the  switch-board.  The 
average  load  on  this  station  is  1,500  H.P.  It  is  located  near  a 
huge  lumber  mill,  and  the  fuel  is  carried  by  automatic  conveyers 
directly  from  the  waste  lumber  yard  into  the  furnace.  Several 
tramways  derive  their  power  from  this  station,  at  a  cost  of  about 
25s.  per  H.P.-month,  18  hours'  daily  work.  Thomson  watt- 
meters register  the  current  used.  The  station  pays  about  40s. 
a  day  for  its  supply  of  fuel. 

The  enormous  carrying  power  of  an  electric  tramway,  at  a 
pinch,  is  an  interesting  feature.  The  following  figures,  given  by 
Mr.  Bowen,  of  the  Chicago  City  Street  Railway  Company,  show 
the  work  done  by  his  electric  line  on  "  Chicago  Day "  at  the 
World's  P^air:— 

Fifty-one  double-motor  cars,  10  single-motor  cars,  and  73  trail 
cars  were  in  operation  over  26  miles  of  track.  During  the  day 
208,575  passengers  were  carried,  and  11,271  car  miles  run.  The 
maximum  output  at  the  power  house  was  17,000  amperes,  and 
the  average  for  20  hours  about  1,050.  The  minimum  current 
registered  was  750  amperes,  and  the  average  station  pressure  540 
volts.  The  ratio  of  expenses  to  receipts  on  this  line  is  40  per 
cent. 

The  following  figures  we  have  already  published  in  a  com- 
munication to  Engineering.  They  are,  however,  sufficiently 
interesting  to  be  placed  before  you. 

The  largest  electric  tramway  equipment  in  the  world  is  that  of 
the  West  End  Street  Railway,  in  Boston,  U.S.A.  Its  adoption  of 
electrical  motive  power  practically  established  the  economic  value 
of  that  method  of  operation.  The  following  figures  are  extracted 
from  its  annual  reports  : — 
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Attention  is  especially  directed  to  the  decrease  in  percentage  iir 

-^  •'  ,       ,  Blackwell 

of  working  costs  to  gross  receipts,  which  has  varied  almost  »;•»*  W"*- 
directly  in  proportion  to  the  introduction  of  electric  plant. 
This  redaction  has  been  made  notwithstanding  the  fact  that 
the  additional  investment  required  for  the  introduction  of  elec- 
tric plant  had  to  be  provided  for,  and  that  such  part  of  the 
company's  former  plant  as  was  rendered  useless,  or  disposed  of 
at  a  loss,  had  to  be  written  oflF. 

A  comparison  between  the  tramways  of  London  (population, 
4,306,411  in  1893)  and  Boston    (population,   under   450,000  in 

1890)  is  interesting  : — 

London.  Boston. 

Miles  of  street  operated    125|  — 


„        single  track 
Number  of  cars 

Car  miles  run     

Total  working  expenses 

„     receipts     

Net  receipts       

Percentage     of      expenses 

receipts  

Total  capital  invested 


250approx.  268  J 

1,080  (aj  2,172 

...     21,924,290(6)  18,669,809 
:e885,967  £910,147 

£1,070,578  £1,338,515 
£184,611  £428,368 

to 

82-7  (c)  68 

...      £3,533,177  £4,435,000 
Rate  of  interest  paid  on  ordinary 

shares      3*32  per  cent.  9  per  cent. 

(a)  London  uses  top-seat  cars,  Boston  does  not.  Boston  has 
to  keep  a  double  set  of  cars ;  open  for  summer,  closed  for  winter. 

(6)  London  has  the  greater  number  of  car  miles  run.  The 
majority  of  Boston  cars  are  much  larger  than  the  London  ones. 

(c)  Boston  investment  includes  £1,500,000  spent  during  the 
past  five  years  on  re-equipping  electrically. 

If  London's  percentage  of  expenses  to  receipts  could  be 
reduced  from  the  present  82*7  to  70  per  cent.,  net  receipts  would 
be  increased  to  £321,174;.  if  to  60  per  cent.,  net  receipts  would 
b3  £428,231. 

It  is  almost  unnecessary  to  call  attention  to  the  fact  that  the 
cost  of  material  and  labour  involved  in  the  re-equipment  elec- 
trically of  a  tramway  is  much  higher  in  America  than  in  England, 
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Mr.  In  the  early  days  of  electric  tractioD,  no  greater  annoyances 

iSitJI^n  '"^'^  ^^  ^^®  ^^^  ^^  ^^^  much-tried  tramway  constructor  than  those 
which  seemed  inseparably  connected  with  the  suipension  ac<l 
effective  insulation  of  the  conducting  wire.  No  material  was 
obtainable  possessing  the  happy  combination  of  strength,  dura- 
bility, and  high  insulation  with  inconspicuousness ;  interchange- 
ability  of  parts  was  unknown ;  and  unsightly,  rough-and-ready 
expedients  were  used  wherever  difficulties  in  erection  were 
encountered.  From  1884  to  1889  no  insulator  better  than 
paraffined  wood  or  porcelain  could  be  obtained.  This  is  the 
best  device  the  Bentley-Knight  Electric  Eailway  Company  could 
evolve  to  support  a  bar  copper  conductor  in  its  conduit  system 
laid  in  Boston  in  1888.  As  you  will  see,  it  is  comi)osed  of  a 
block  of  porcelain  leaded  into  a  malleable  iron  holder,  and  having 
a  brass  support  for  the  conductor  leaded  into  it.  All  of  the 
earlier  elevated  conductor  lines  were  dependent  for  their  insu- 
lation upon  the  wooden  poles  by  which  they  were  supported,  and 
m  wet  weather  the  resultant  leakage  was  a  very  serious  factor. 

With  the  introduction  of  iron  i>ole8,  and  the  development  of 
motors  and  power  plant,  something  better  and  more  permanent 
became  a  necessity. 

The  wide  extension  of  electric  traction  is  largely  due  to  the 
enterprise  of  independent  manufacturers,  who,  seeing  a  great  and 
growing  need,  undertook  the  elaboration  of  a  system  of  electric 
tramway  supplies  to  meet  the  demand,  and  relieved  the  electrical 
comjianies  of  constant  consideration  of  the  details  necessary  for 
safe  and  economical  transmission  of  current  from  power  house 
to  car  motor.  The  taut  and  workmanlike  overhead  line  of 
to-day,  in  erecting  which  the  lineman  has  had  at  hand  a  comi)act 
and  appropriate  device  for  every  insulating  or  supporting  point, 
differs  widely  from  the  unsightly  webs  which  were  the  rule  in 
earlier  years. 

Your  attention  is  called  to  the  various  appliances  on  the  table. 
They  fairly  represent  the  best  known  and  most  widely  used 
apparatus.  You  will  note  the  strong  external  resemblance 
between  the  various  makes  wherever  an  appliance  for  a  specific 
purpose  is  in  question.     We  will  not  go  into  the  question  as  to 
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whether   any  one   insulating   material   has   greater   merit   than  Mr. 

rr.,  .  ,  ,      ,  ,       ,  1         Blackwell 

another.     The  specmiens  shown  include   several   distmct    makes  and  Mr. 

*  ^    ^        Dawson. 

of  homogeneous  and  fibrous  insulating  substances,  the  composition 
of  which  is  a  manufacturers'  secret ;  and  also  insulators  of  com- 
pressed mica,  and  of  solid  sheet  mica  ingeniously  compressed 
between  metallic  jiarts,  and  supplemented  externally  by  a  special 
insulating  compound. 

Of  that  important  factor,  the  trolley  wire  itself,  little  need  be 
said.  The  universal  American  practice  is  to  employ  No.  0  hard- 
drawn  copper.  Many  Continental  lines  have  employed  lighter 
trolley  wire — in  some  instances  as  small  as  6  millimetre? — and 
some  use  larger.  It  may  be  taken,  however,  that  No.  0  is  the 
size  that  gives  the  best  all-round  results.  Phosphor-bronze  is  of 
doubtful  utility  as  a  substitute  for  hard-drawn  copper,  the 
increased  tensile  strength  being  more  than  overbalanced  by  the 
reduction  in  conductivity.  The  manufacturer  of  the  trolley  wire 
should  guarantee  98  per  cent,  conductivity  or  better,  and  perfect 
joints,  and  should  deliver  wound  on  special  reels  in  mile  lengths. 
Good  running  and  a  low  rate  of  depreciation  depend  largely  u))on 
the  exactitude  with  which  the  trolley  wire  follows  the  line  of  the 
metals,  and  pains  taken  to  ensure  a  smooth  and  even  [lath  for  the 
trolley  wheel  are  always  well  repaid. 


Terminal  and  **  Come  Along  " 
Clamps  for  Straining  Trolley  Wire.  Self-Locking  Pole  Ratchet  for  S|Min  Wire. 

The  span  wire  almost  invari.ibly  employe!  is  a  seven-wire 
galvanised  iron  signal  strand,  either  ^  or  y\  inch  diameter, 
like  these  samples. 

In  some  places  local  atmospheric  conditions  have  rendered  it 
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advisable  to  substitute  silicon  or  phosphor-bronze  span  wires  for 
the  ordinary  galvanised  iron. 

In  the  selection  of  the  line  of  appliances  to  be  used,  the  nature 
and  needs  of  the  individual  road  must  be  borne  in  mind.  For  a 
suburban  line  and  light  traffic,  where  economy  in  first  cost  is  a 
first  requirement,  this  "  -^tna  A  "  tyi)e  insulator  serves  the 
purpose  well.  You  will  see  that  the  series  in  this  type  includes  a 
straight  line  insulator,  single  and  double  pull-oflF  for  curves,  and  a 
bracket  arm  hanger.     The  construction  is  shown  in  this  section. 


••  Mtna,  A"  Straight  Line  Insulator 


-^Etna  A  "  Double  Pull-off. 


Section  of 
*'iEtnaA' 
Insulator. 


**  Mina  A  "  Bracket  Arm 
Hanger. 


In  this  type,  the  homogeneous  mass  of  insulating  material,  while 
still  in  a  plastic  state,  is  forced  under  heavy  pressure  into  a 
casting  provided  with  internal  flanges  to  hold  it  securely  in  place, 
and  external  points  to  which  the  span  or  strain  wires  may  be 
attached.  The  threaded  thimble  is  moulded  into  the  insulating 
material  at  the  same  time.  The  threads  are  made  to  take  ^V  or 
i  inch  screw  studs,  according  to  the  strain  they  are  to  sustain. 
The  metallic  parts,  which  partially  protect  the  insulating 
substance,  are  of  either  bronze  or  malleable  iron.  In  this  type 
the  strain  and  weight  of  the  trolley  wire  is  taken  by  the  insulating 
material  itself. 

This  is  the  type  of  insulated  suspension  employed  by  the 


1804.J 


ELECTRIC  TRACTION,   Ere. 


GGl 


South  StaflFordshire,  Douglas  and  Laxey,  and  Guernsey  lines,  and  ^j^. 

and  Mr. 
Dam-son 


many  Continental  and  colonial  roads. 


"  West  End"  Straight  Line 
Insulator. 


•*  We«t  End  '*  Single  Tull-off. 


•*  West  End  "  Double  Pull-off.  "  West  End"  Bracket  Arm  Insulator 


f 


"  West  End  "  Spring  Bridge  Insulator,  •*  West  End  "  Insulated  Bolt 

with  "  Anderson'*  Mechanical  Ear.  and  Bronze  Feeder  Plug. 


**  Wert  End  "  Bridge  Insulator.  «We«t  End  "  Car  House  Insulator. 
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BUckueU  To  supply  the  needs  of  tramways  where  constant  and  heavy 

KkUK>n  traffic  is  to  be  expected,  and  where  security  to  the  service  is  of 
far  more  importance  than  small  economies  in  first  cost,  the 
"  West  End"  type  of  insulating  material  has  been  evolved.  This 
series  is  more  elaborate  than  the  former,  comprising  a  straight 
line  insulator,  single  and  double  pull-off,  bracket  arm  hanger,  and 
bridge,  spring  bridge,  and  car  house  insulators. 

These  are  far  more  substantial  than  those  first  described. 
The  essential  difference  in  construction  is  that  the  insulation  is 
wholly  protected  from  injury  from  exposure  or  chance  blows,  by  a 
metallic  skirt,  and  that  no  part  of  the  strain  comes  upon  the 
insulating  material  itself,  the  load  and  strain  being  wholly  taken 
under  all  circumstances  by  the  heavy  metallic  parts  of  bronze  or 
malleable  iron.  The  insulating  part  is  a  bronze  or  steel  bolt, 
heavily  coated  under  pressure  with  non-conducting  materia),  the 
head  of  which  fits  closely  into  a  recess  at  the  top  of  the  protecting 
casting,  and  is  firmly  held  there  by  a  screw  cap.  These  bolts  arc 
interchangeable  throughout,  and  can  be  slipped  in  or  out  at  any 
time.  When  it  is  desired  to  bring  a  feeder  into  the  line,  the 
insnlatnigHbelt.is  slipped  out  and  a  metallic  "feeder  plug"  of 
exactly  the  same  size  takes  its  place,  thus  throwing  the  whole 
hanger  into  circuit  and  allowing^an  insulated  feeder  wire  to  be 
attached  to  it  in  exactly  the  same  waj  as  an  ordinary  span  wire 
would  be. 


Special  Tool  for  putting  up  •«  West  End  "  Straight  Line  Hangers.^ 

A   special  tool  is  used  in  putting  up  "West  End"  straight" 
line  hangers,  and  much  facilitates  the  labour  of  erection.    The 
casting  is  held  in  the  fork  at  the  top  of  the  tool.    The  span  wire 
fits  into  the  groove  of  the  wheel,  and  a  single  movement  of  the 
lever  snaps  the  wire  into  position. 

By  the  use  of  this  "  West  End**  type  of  apparatus,  the  sp^n 
wires  can  be  erected,  and  the  castings  inserted  at  the  fixed  points 


1894.]  ELECTRIC  TUACTION,  Etc  CG3 

of  suspension,  before  the  insulating  material  is  brought  on  the  Mr. 
line.     Ears  can  be  soldered  to  the  trolley  wire  and  attached  to  the  «mI  Mr. 

*''  Dawson 

insulator  afterwards,  and  there  is  a  minimum  of  leakage  through 
moisture.  As  an  illustration  of  the  care  taken  to  supply  each  need, 
I  would  call  your  attention  to  the  "  spring  bridge "  insulator, 
used  under  bridges  and  elevated  railway  structures  and  in  tunnek. 
As  the  fixture  is,  of  necessity,  rigidly  attached  to  the  structure 
above  the  line,  a  yielding  support  is  provided  in  order  that  the 
trolley  wheel,  at  high  speed,  may  not  strike  a  point  without 
flexibility  and  have  a  tendency  to  jump  the  wire.  The  spring  is 
protected  by  a  galvanised  iron  case,  and  the  insulating  bolt  within 
has  a  fluted  metal  covering,  which  preserves  the  insulation  from 
injury  by  chafing,  and  prevents  the  bolt  turning. 

The  use  of  high-class  line  material  greatly  facilitates  both 
construction  and  operation,  and  in  no  part  of  the  equipment  can 
a  little  additional  expense  be  incurred  with  such  good  reason. 

Note  how  carefully  the  makers  of  both  the  above  types  of 
apparatus  endeavour  to  bring  span  wire  and  trolley  wire  close 
together.  Earlier  styles  did  not  possess  this  virtue,  the  span  wire 
being  led  over  the  top  of  the  insulator.  Experience  quickly 
showed  that  it  was  an  error  to  sej^rate  span  and  trolley  wire  more 


Old-Tjpe  Straight  Line  Insulators. 

than  absolutely  necessary.  To  connect  the  trolley  wire  with  its 
insulated  supports,  ears,  or  clips,  are  used,  of  which  a  number  of 
varieties  are  on  the  table. 

For  eflSciency,  durability,  and  smooth  running,  nothing  quite 
equals  an  ear  soldered  to  the  trolley  wire,  and  soldered  ears  are 
almost  indispensable  at  curves  or  points  of  heavy  strain.  How- 
ever, it  tckkes  skilled  labour  and  quite  one-third  longer  in  time  to. 
erect  a  line  using  soldered  ears  throughout.  I  would  especially 
xjall  to  your  attention  the  fact  that  the  blow-pipe  must  not  be 
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Mr.  used  in  erecting  a  trolley  wire  with  soldered  ears,  but  instead, 

Blackwell     , 

u^^D  ^^^^7  grooved  soldering  irons,  like  the  one  shown,  must  be 
employed.  The  use  of  the  blow-pipe  softens  the  wire,  and  renders 
it  liable  to  break. 

A  trolley  wire  must  be  "  anchored "  at  least  every  mUe  of 
straight  line,  and  always  at  either  end  of  every  curve.  Special 
ears  are  provided  to  which  the  anchor  wires  can  be  readily 
attached. 


Anchor  Ear 


Splicing  Ear. 

Special  ears  are  also  used  for  joining  together  lengths  of 
trolley  wire.  Joints  should  always  be  made  at  fixed  points  of 
support.  A  properly  soldered  combination  anchor  and  splicing 
ear  is  on  the  table.  Should  the  trolley  wire  break  at  a  point 
between   supports  through  any   accident,  splicing-tubes  or  con- 


Threaded  Trolley  Wire  Splicer. 

nectors  are  used  to  quickly  repair  the  line.  There  are  many 
forms  of  these.  In  this  type,  to  make  a  splice,  the  ends  of  the 
trolley  wire  are  threaded  with  a  small,  suitable  die  furnished  for 
this  purpose,  and  the  thimbles  are  then  screwed  on,  which  fit  into 
the  recesses  in  the  coupler.  The  two  parts  of  the  coupler  are 
then  screwed  into  each  other,  making  a  strong,  compact  splice, 
but  a  trifle  larger  in  diameter  than  the  wire  itself.  Other  ears 
are  used  for  points  where  it  is  desired  to  make  connection  with 
feeders. 

Trolley  wire  soldered  ears  are  made  7,  9,  or  15  inches  long/ 
Samples  are  shown  of  the  regular  soldering  and  span  wire  work  of 
the  linemen  of  the  Boston  tramways. 

The  i)erfect  mechanical  ear  has  not  yet  been  evolved,  although 
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improvements  are  constantly  being  made.     Several  types  are  on  Mr. 
the  table.     The  diflSculty  is  that  all  mechanical  ears  interfere  jn<i  Mr. 
more  or  less  with  the  smooth  under  surface  of  the  trolley  wire ; 
and  any  obstruction,  however  slight,  to  the  passage  of  the  wheel 
is  a  disadvantage.     This  "  Badger"  mechanical  ear  is  simple  and' 
effective.     It  is  composed  of  two  interlocking  plates  of  malleable 


**  Badger  "  Mechanical  Eaj. 


iron  or  bronze,  which,  when  placed  together,  leave  a  groove  into 
which  the  trolley  wire  is  clamped  by  the  wedge-shaped  stud  of 
the  insulator  being  forced  into  the  jaws  formed  by  the  upper 
portion  of  the  two  plates.  A  pin  through  the  stud  holds  the  ear 
and  stud  together.  Another  exhibit  shows  the  same  clamping 
principle  applied  to  a  hinged  ear,  a  screw  stud  set  in  the 
insulator  being  substituted  for  the  wedge,  and  the  pin  being 
dispensed  with.     Another  type  shows  the  clamps  held  together  by 


**  Auderson  "  Mechanical  Ear. 

screws.  The  "  Anderson "  mechanical  ear  is  composed  of  a 
bronze  casting  grooved  along  its  lower  surface  to  fit  the  trolley 
wire,  and  a  plate  of  hard-rolled  copper  bent  to  fit  over  the 
trolley  wire,  and  furnished  with  eyes  which  close  over  slotted 
projections  on  the  casting.  The  whole  is  bound  together  by 
forcing  the  eyes  into  the  slots  by  the  small  screw  bolts  at  the  top 
of  the  casting.  A  special  clamp  is  used  to  force  the  copper  plate 
into  position  and  hold  it  until  the  screws  have  been  set  up.  The 
number  of  mechanical  clips  is  legion,  but  none  are  quite  up  to 
the  soldered  ear.  Mechanical  ears  are  good  or  bad.  in  proportion 
to  the  extent  to  which  they  interfere  with  the  smooth  running 
of  the  trolley  wheel  and  necessitate  bending  of  the  wire.  The 
latter  is  always  a  mistake,  because,  if  it  happens  that  the  position 
of  an  ear  has  to  be  changed,  a  kink  is  left  in  the  wire.     It  is  also 
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BUck^ieii     *^^  ^rror,  frequently  made  in  early  days,  to    allow   any  play  or 
Kllvwn.      joiiit  l^etween  the  insulator  and  the  ear. 


Type  **  W"  Trolley  Clamp. 


"Jewel"  Trolley  Wire  Sling. 


By  the  courtesy  of  Mr.  I.  Everson  Win  slow,  we  are  enabled 
to  exhibit  to  you  a  series  of  the  Thomson-Houston  insulated 
suspensions  employed  by  him  in  the  erection  of  the  elevated 
conductors  for  the  Roundhay  Tramway  line  at  Leeds.  In  the 
straight  line  insulator,  and  single  and  double  puU-ofts,  the  strain 
is  taken  by  malleable  iron  or  bronze  castings,  which  spread  out 
sufficiently  to  protect  t]\e  insulation  from  accidental  blows  from 
the  trolley,  and  to  form  a  water-shed.  A  cap  of  insulating 
material,  from  which  projects  a  screw  stud,  fits  closely  over  the 
top  of  the  casting,  and  the  recess  beneath  receives  a  cone  of  the 
same  insulating  substance,  through  the  centre  of  which  the  stud 
passes.  When  the  ear  is  screwed  up  on  the  stud  the  whole  is 
bound  tightly  together.  Some  of  the  insulators  shown  have  been 
in  regulai'  use  at  Leeds  for  three  years,  and  show  no  sign  of 
deterioration.  A  bracket  arm  insulator,  anchor  ear,  splicing  ear, 
and  an  aerial  frog,  as  used  at  Leeds,  are  also  before  you. 

Earlier  Thomson-Houston  forms,  showing  porcelain  insulation 
instead  of  the  material  now  used,  are  also  exhibited. 


1894.] 


ELECTRIC  TRACTION,  Etc. 


6i7 


Dr.  Edward  Hopkinson  has  been  kind  enoufirh  to  send  us  this  Mr. 
insulator  and  mechanical  ear  used  by  the  Isle  of  Man  Tramways.  ««*  Mr. 
It  is  somewhat  similar  to  the  "  Anderson  **  ear  already  described, 


Sect'on  Cap  and  Cone  Straight  Line  Insulator  ("Ohio''  Type), 
but  of  stronger  construction.     It  must  be  borne  in  mind  that  the 
Douglas  and  Laxey  line  employs  a   sliding  contact,  and  not  a 
wheel.     We   have  been   unable   to   obtain   one    of  the   Douglas 
collectors  for  exhibition  to  you,  as  no  spare  ones  were  nt  hand. 

Double  insulation  is  an  essential 
feature  of  first-class  overhead  line  work. 
This  is  effected  by  supplementing  the 
insulated  trolley  wire  supports  by  an 
additional  insulator  at  the  pole-head.       **  Brooklyn"  Strain  Insulator. 

The  "Brooklyn"  strain  insulator   and   tumbuckle  combined 


*'  Goose-Neck  "  Double  Curve  Pull-off. 
is  the  best  device  for  this  purpose.     Aside  from  its  insulating 
qualities,  a  pair  of  the  smaller  size  shown  will  take  up  6  inches 


*' Goose-Neck"  Single  Curve  Pull-off. 
of  slack  in  the  span  wire.     This  is  extremely  useful  in  adjusting 
tension  when  the  span   wires  have  become  stretched  by  constant 
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Mr.        .  use.     The  larger  size  is  adapted  for  terminals,  and  for  comer  poles 

BlackwcH  °  ^  .     , 

and  Mr.      ^o  \rliieh  a  number  of  curve  pull-ofiF  wires  are  carried. 

The   "King"  insulated   tumbuckle  is   a  device   of    similar 
nature,   and   strain    insulators    of   the    various   types  are  also 


Globe  Pole  Infulator. 


frequently  used.     All  globe  and  strain  insulators,  by  the  way,  are 
constructed  so  that,  should  their  insulation  be  entirely  destroyed, 


•'  King  "  Insulated  Turubucklc  aud^Polc  Strap. 


their  interior  metallic  parts  would  interlock  and  prevent  the  line 
Balling.  Sections  and  parts  of  insulators  by  a  number  of  makers 
are  on  the  table. 

In  cases  where  the  trolley  wire  is  supported  by  bracket  arms, 
double  insulation  is  obtained  by  the  use  of  a  tube  of  insulating 
material  within  the  sleeve  of  the  bracket  arm  hanger.  In  this 
connection  we  would  warn  you  against  the  frequent  mistake  of 
fixing  bracket  arm  insulators  to  predetermined  iK)ints  of  the 
bracket.  A  sleeve  which  will  slide  along  the  projecting  arm 
easily  should  always  be  used,  as  nothing  but  observation  of  the 
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trolley  wheel  as  it  passes  under  each  bracket  can  determine  the  Mr. 

,  Blockwell 

exact  point  at  which  the  hanger  can  be  most  advisably  fixed.  ^^^^^ 


Spring  Bracket  Arm  Trolley  Wire  Suspension. 

This  feature  is  also  apparent  in  the  Thomson-Houston  type  of 
bracket  arm  hanger  from  the  Leeds  line.  In  this  appliance 
double  insulation  is  obtained 
by  washers  and  tubes  of  insu- 
lating material,  which  prevent 
metallic  contact  between  the 
upper  casting  in  which  the 
sleeve  is  formed  and  the  lower 
casting  from  which  the  ear 
depends. 

A  trolley  wire  of  any  con- 
siderable length  should  always 
be  divided  up  into  sections,  so 
that  an  accident  could  not 
cause  the  whole  line  to  be  thrown  out  of  service.  Several  types  of 
section  insulators  are  before  you.  Connection  between  the  two 
sections  of  trolley  wire  is  made  or  broken  through  a  switch  con- 


'•  West  End  *'  Brocket  Arm  Insulator. 
Doable  insulation* 
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Britkweii     tained  in  a  box  on  the  nearest  pole.     The  earlier  type  shown,  made 
Daliron.      of  brass  sections  insulated  from  each  other  by  mica,  is  somewhat 


**^tna"  Section  Insulator. 


clumsy.  You  will  note  that  the  insulation  of  the  two  later  forms 
is  effected  by  bolts  similar  to  those  used  in  the  "  West  End  '* 
hangers,  and  that  the  latest   and  most   improved  iyi^e  has  the 


**-^tua"  Section  Insulator.    (Straight^under-runniug.) 

great  advantage  of  being  "  straight  under-running,"  allowing  the 
trolley  wheel  to  pass  under  it  without  the  slightest  "  dip." 


•  Ajax"  Line  Section  Switch— Open  and  Closed. 
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This  device  is  strong  and  durable.     The  wooden  piece  between  m<. 
the  terminals  is  renewable,  and  can  be  changed  while  on  the  line,  and  Mr. 
A  convenient  clamping  device  renders  it  possible  to  leave  enough 
trolley  wire  coiled  on  top  of  the  section  insulator  to  allow  of  its 
being  let  out  to  repair  the  line  in  case  of  a  break. 

Another  part  of  this  combination  clamp  holds  the  feed  wire  in 
such  a  way  as  to  obviate  the  necessity  of  stripping  the  insulation 
from  the  wire,  except  at  the  part  held  by  the  clamp.  By  this 
arrangement  the  feed  wire  is  left  insulated  from  the  jwles  to  the 
sertion  insulators,  and  between  the  lines  (where  there  is  a  double 
track). 


Two- Way  Aerial  Frog. 


Two-Way  Aerial  Frog.     (Straight  uuder-running.)         «*  Globe"  Frog  Pull-ofF. 


A  number  of  frogs  and  crossings  are  on  the  table,  and  you  can 
see  how  greatly  the  later  t^^pes  are  improvcnl  over  those  used  a 
year  or  two  ago.  All  the  newest  styles  have  the  "  straight  under- 
"  runningj"  feature,  and  require  no  solder,  the  trolley  wire  being 
clamped  into  the  casting.     You  see  that  in  all  cases  the  troll(7 


Diagonal  Crossing.    (Straight  under-running.) 

wire  is  carried  over  the  casting,  so  that  the  excessive  wear  at 
these  points  is  taken  by  the  heavy  metallic  flanges,  and  not  by  the 
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conductor.     Right-  and  left-hand,  "  Y,"  and  three-way  frogs  are 
used,  and  they  are  insulated  and  supported  by  frog  puU-oflFs 


Right  Angle  Crossing.    (Straight  under-running.) 

The  operation  of  right  and  acute  angle  crossings  is  easily 
understood,  and  an  insulated  crossing  is  employed  whenever  one 
trolley  wire  crosses  another  from  which  it  must  be  insulated. 


Insulated  Trolley  Wire  Crossing. 

The  wire-stretching  machine  shown  is  an  extremely  useful 
tool  in  all  cases  where  it  is  necessary  to  take  the  tension  oflF  the 
trolley  wire,  as  in  splicing,  or  inserting  switches,  frogs,  &c. 


Wire-Stretching  Machine. 


Where  overhead  feeders  are  used,  the  practice  of  nearly  all 
large  American  electric  railways  is  to  use  a  500,000  circular  mils, 
61-wire  strand,  three-braid  weatherproof  cable,  similar  to  this 
exhibit.     The  weight  is  from  9,800  to  10,000  lbs.  to  the  mile. 

Similar  stranded  feeder  cables  are  used  whenever  the  needs  of 
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a  line  exceed  4/0  (B.  &  S.).     The  latter  is  used,  either  in  solid  or  Mr. 

,  Blackwell 

stranded  form,  by  the  great  majority  of  lines  outside  the  great  J[J^^JJ„' 
cities.     Below  4/0,  solid  wire  is  almost  invariably  employed.    A 
feeder  wire  splicer  is  also  shown. 


Feeder  Wire  Splicer. 

This  can  be  used  as  a  permanent  or  temporary  connector. 
The  halves  of  the  splicer  are  placed  over  the  abutting  ends  of  the 
bare  wire.  The  nut  is  then  screwed  on  the  tapered  end  of  the  splicer, 
which  is  slightly  corrugated  on  the  inside,  thus  securely  clamping 
the  wire.  If  a  permanent  splice  is  desired,  solder  can  be  poured 
through  a  slot  provided  for  this  purpose.  A  joint  made  in  this 
way  is  but  a  trifle  larger  than  the  wire,  and  is  of  low  resistance 
and  great  strength. 

Several  styles  of  feeder  insulators  are  shown. 
The  best  has  a  metallic  yoke  into  which  the 
feeder  cable  is  laid  and  firmly  held  by  a  screw 
cap.  This  greatly  economises  labour  in  the 
erection  of  an  aerial  feed  wire.  Where  guard 
wires  are  used,  they  are  insulated  by  small  porce- 
lain insulators.  The  utility  of  guard  wires  is 
extremely  doubtful,  and  many  lines  have  dis- 
carded them.  On  the  Continent,  a  strip  of  wood 
is  often  attached  to  the  upper  side  of  the 
trolley  wire,  whenever  any  danger  from  falling  telegraph  or 
telephone  wires  is  apprehended. 

A  number  of  special  tools  and  appliances  are  on  the  table,  to 
which  we  will  not  refer  at  length.  They  are  self-explanatory,  and 
we  should  be  glad  to  have  you  examine  them. 

The  trolley  itself  next  claims  our  attention. 

As  in  the  case  of  all  electric  tramway  supplies,  the  earlier 
types  were  comparatively  clumsy,  and  the  old  form  of  trolley  base 
occupied  a  great  deal  too  much  room  on  the  roof  of  the  car.  It 
is  shown  in  an  illustration. 


"jEtna"  Brass 

Cap  Feeder 

Insulator 
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The  latest  "  Boston  pivotal "  type  is  fixed  to  the  table.     You 


Mr. 
Blackwcll 

D"aw^n       ^^^®  ^^^  easily  the  trolley  moves  in  every  diie^tion. 


Old-Stjle  trolley  Bise. 

This   base   is   of    simple  construction  —  neat,  compact,   and 
designed  to  allow  of  passing  under  low  bridges.     Experience  has 


•'  Boston  Pivotal"  Trolley  Base 

proved  it  to  be  smooth-running,  easy  of  adjustment,  strong,  and 
durable.  It  lies  close  to  roof  of  car,  and  can  be  swung  around 
to  change  direction.  With  pole  laid  down  flat,  the  highest  point 
on  the  base  is  but  six  inches  above  the  roof.  To  avoid  over- 
taxing the  springs  so  that  they  will  set  or  break,  a  very  large 
safety  factor  is  allowed.     A  special  construction  ensures  f^i  even 


i 
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jjressure  of  the  wheel  against   the  trolley  wire  in  the  diflferent  Bi^^|.^.^|, 
positions.     This  trolley  received  the  highest  award  at  the  World's  ^^^^n 
Columbian  Exposition  at  Chicago. 

The  steel  trolley  pole  is  of  one  piece  of  steel  with  a  continuous 
taper,  and  without  joint?,  shoulders,  or  other  points  of  weakness. 
It  is  light,  strong,  and  stiflF.  If  bent  by  an  accident,  it  can  be 
straightened  cold. 

The  steel  trolley  fork  is 
of  a  new  pattern,  tapering 
in  form,  of  sheet  steel,  light 
and  strong,  provided  with 
phosphor-bronze  contact 
springs  and  washers,  which 
have  proved  far  more  durable 
than  those  of  copper.  The 
spindle  is  of  hardened  steel. 

We  are  again  indebted 
to  Mr.  Winslow  for  the  loan 
of  (he  Thomson  -  Houston 
trolley  base,  which  is  also 
fixed  to  the  table.  Its 
operation  is  practically  the 
same  as  the  other  pivotal 
trolley,  but  you  will  see  that 
the  construction,  especially 
as  regards  the  arrangement 
of  springs,  is  somewhat 
diflferent. 

Great  attention  has  been  paid  to  the  development  of  a  first- 
class  trolley  wheel,  and  several  types  are  exhibited,  showing  the 
evolution  of  the  present  approved  type  now  universally  used. 

Originally,  when  double-trolley  wires  were  considered  essential, 
a  four-wheel  truck  was  employed,  and  many  were  the  troubles 
found  in  keeping  it  on  the  wires  and  in  insulating  one  set  of 
wheels  from  the  other.  The  rudimentary  under-running  contact 
was  a  sliding  shoe.  This  old  pattern  shows  a  somewhat  elaborate 
contact  on  this  principle.     This  wheel  is  an  early  attempt  at  a 


"Boston   Pivotal"   Trolley,  with  pole  Lent 
cold  to  show  strength  of  material. 
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rotary  contact.  It  is  interesting  to  note  the  wear.  This  is  a 
later,  though  still  an  early,  form  of  wheel,  made,  as  you  will  see, 
of  a  single  bronze  casting,  and  with  the  V-shaped  groove  then 
considered  best.  A  substantial  improvement  was  made  upon  the 
earlier  form,  in  the  "  Boston  "  wheel  before  you.  In  this  a  very 
substantial  hub  was  provided  to  take  the  spindle.  Iron  guard 
plates  were  riveted  on  either  side  to  prevent  the  trolley  jumping 
the  wire.  The  wear  was  taken  by  a  contact  ring  which  could  be 
removed  and  replaced  as  needed,  but  at  considerable  expenditure 
of  lime  and  trouble.  You  will  see  how  the  shape  of  the  groove 
has  changed. 

Spoked  wheels  are  now  universally  used,  like  this  **  V/est 
End"  wheel.  These  are  made  of  a  single  bronze  casting, 
having  a  wide  and  highly  polished  groove,  and  being  furnished 
with  either  graphite  or  self-oiling  bushings  to  receive  the  spindle. 

When  the  older  fonn  of  brass  trolley  wheel  is  used,  the 
flange  drops  oflf  when  the  groove  which  receives  the  trolley  wire 
wears  through  to  the  outside. 

By  using  the  " spoked"  trolley  wheel  this  diflSculty  is  entirely 
obviated  by  a  simple  and  effective  method  of  construction. 


Old-style  Trolley  Wheels  and  Trolley  Pole-Head. 

The  ribs  serve  to  hold  the  flange  in  position  after  the  spark- 
ing of  the  wheel  indicates  that  it  is  worn  through,  and  therefore 
should  be  discarded.  This  warning  is  timely,  for  the  wheel  may 
be  used  after  the  flange  is  cut  through  by  the  trolley  wire  long 
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enough  to  get  to  the  car  house,  where  a  new  wheel  can  be  put  gj;^j,^^.^i, 
in.    With  the  old   form   of  brass  wheel,  when  the  flange  wore  JJ^^JJJ;, 
through  and  dropped  ofiF,  the  car  was  disabled,  and  had  to  be 
pulled  to  the  car  house  or  removed  from  the  track. 


Modern  **  West  End'*  Self-Oiling  Trolley  Wheel  and  PoleHeod 

If  this  breakdown  occurs  in  a  crowded  thoroughfare,  or  in  an 
out-of-the-way  place  where  it  is  not  easy  to  obtain  assistance,  as 
is  often  the  case,  the  awkwardness  of  the  situation  and  the  annoy- 
ance resulting  from  it  are  obviously  great. 

You  can  see  how  thoroughly  these  ribs  fulfil  their  mission  by 
inspecting  this  "  West  End "  wheel,  which  has  run  about  4,000 
miles  upon  an  English  line. 

A  great  deal  of  care  has  lately  been  devoted  to  the  elabo- 
ration of  a  trolley  more  suitable  for  use  with  the  English  top-seat 
car  than  any  of  the  American  types  shown.  We  had  hoped  to 
exhibit  such  an  appliance,  but  although  one  is  on  the  way  to 
London  it  has  not  yet  reached  us.  It  may  be  exhibited  at  a 
later  meeting. 

This  is  the  trolley  head  and  wheel  now  employed  by  the 
Guernsey  electric  line.  The  wooden  section  is  employed  to 
insulate  the  iron  trolley  pole  from  the  contact  wheel.  As  this 
line  uses  roof-seat  cars,  it  is  indispensable  for  the  comfort  of 
passengers  that  the  pole  and  base  be  insulated  from  the  trolley 
wire. 

Although  the  device  is  a  somewhat  rough-and-ready  one,  it 
works  very  well.  We  are  glad  to  be  able  to  say,  from  personal 
VOL.  XXIII.  48 
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Biickweu    knowing®?  t^*^t    ^^^^    Guernsey  line  is  a  thorough    financial 

C£     success. 

We  regret  that  we  have  been  unable  to  secure  for  exhibition 
one  of  the  trolleys  of  the  South  Staflfordshire  line- 

The  old  style  of  lightning  arrester,  composed  of  copper  discs 
separated  by  mica  sheets,  proved  ineffective,  because,  when  the 
line  was  struck  by  lightning  and.  the  discharge  found  its  way 
across  the  insulated  copper  discs  to  earth,  it  frequently^happened 
that,  instead  of  the  arc  being  broken  by. the  small  air  spaces,  it 
fused  together  the  copper  discs  and  thus  formed  a  short-circuit 
on  the  line.  Consequently,  the  lightning  arrester  had  to  be 
taken  out  of  the  motor  circuit  to  prevent  an  abnormally  high 
current  discharge  rate  at  the  generators  in  the  power  house, 
— thus  leaving  the  motors  unprotected  in  case  of  a  second 
lightning  discharge,  or  else  keeping  up  a  heavy  short-circuit 
imtil  a  new  lightning  arrester  had  been  procured  and  inserted  in 
parallel  with  the  motor  circuit: 

One  of  the  most  interesting  appliances  to  which  your  atten- 
tion is  directed  to-night  is  this  "  Ajax  "  lightning  arrester.     The 


f f 

**  Ajax  "  Lightning  Arrester  Fuse. 

rest  of  the  apparatus  is  merely  a  support  for  holding  a  succession 
of  these  fuses,  so  that  one  after  another  is  brought  into  operative 
position  automatically  by  the  action  of  the  current  as  it  consumes 
each  fuse  in  turn. 

The  fuse  consists  of  two  pieces  of  No.  26  brass  wire,  each 
3  inches  long,  having  a  single  silk  insulation,  and  lying  side 
by  side  for  about  1  inch,  as  do  consecutive  coils  in  an  armature. 
This  1-inch  lap  of  the  wires  offers  abundant  surface  for  the 
discharge  gap,  which  is  formed  by  the  two  thicknesses  of  silk,  and 
amounts  to  little  more  than  0*002  of  an  inch. 

Small  pellets  of  a  highly  insulating  wax  secure  these  wires 
in  the  above  position,  and  a  small  glass  tube  is  hermetically 
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sealed  over  this  part  of  the  fuse  to  keep  the  dischargers  clean  and  ^i^^^jj 
dry  untn  used.  ^^^ 

The  extreme  sensitiveness  of  this  part  of  the  apparatus  is 
made  possible  by  its  being  called  upon  to  act  but  once. 

The  soft  rubber  plugs  serve  to  hold  the  fuse  in  the  corrugated 
cover  of  the  arrester,  and  the  bare  ends  of  the  wires  project 
through  the  cover,  ready  to  be  brought  into  contact  with  the 
line  and  ground  terminals. 

This  is  the  type  of  arrester  used  for  protecting  stationary 
motors  or  isolated  plants.  The  regular  size  is  made  with  a 
100-ampere  coil,  having  coil  and  arrester  mounted  on  a  marble 
slab  7|  inches  x  11  inches  x  |  inches. 


f 


**  A jax  "  Lightning  Arrester  for  Isolated  Plants  or  Motor  Cars. 
(Casing  removed.) 

Pole  boxes  are  cast  iron,  asbestos  lined,  and  so  constructed  as 
to  exclude  rain. 

This  is  the  more  general  form  of  pole  arrester.  In  this  the 
choke  coil  is  contained  in  the  arrester  box ;  but  it  may  be  made 
by  turning  the  insulated  span  wire  on  itself  a  suflScient  number 
of  times  to  make  the  choke  coil,  thus  making  a  cheaper  construc- 
tion and  a  smaller  pole  box. 
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Diagram  of  Connections  of  '*Ajax"  Motor-Car  Lightning  Arrester. 


*•  Ajax'*  Double  Lightning  Arrester  Pole  Box. 
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The  warming  of  tramway  cars  by  means  of  electric  heaters  is  Mr 
now   universal  in  America  wherever  the  climate  is  at  all  cold,  and  Mr 

.  .  Dftwson. 

This  IS  the  smiplest  form,  of  which  any  number  desired  may 
be  screwed  under  the  seats  of  a  car.  More  elaborate  forms  are 
also  made. 


^^Od- 


—  — .  .fjjMi^. 


Diagram  of  Connections  of  '*  Ajax "  Pole  Lightning  Arrester. 

A  word  may  be  said  in  support  of  what  Mr.  Wilkinson  has 
said  as  regards  the  appearance  of  overhead  conductors.  Un- 
doubtedly some  aerial  lines  have  been  put  up  with  an  utter 
disregard  of  appearances,  and  inexperienced  or  careless  constructors 
have  erected  webs  of  trolley,  strain,  and  feeder  wires  which  were 
most  obnoxious.  This  is  especially  true  of  many  hastily  built 
American  lines,  pushed  through  at  high  pressure,  and  at  the 
smallest  possible  expenditure.  Now  that  the  first  rush  fc:  over, 
and  the  tramway  ©iierator,  the  manufacturer,  and  the  contractor 
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have  had  time  to  take  breath,  the  weight  of  public  and  Press 
criticism  has  had  its  eflFect,  aiid  no  pains  is  spared  to  perfect  the 
entire  plant  and  apparatus. 

A  carefully  designed  and  erected  line,  with  sub-surface  feeders, 
handsome  poles,  &c.y  has  but  few  objectionable  features;  and  in 
the  great  majority  of  cases  public  convenience  is  so  greatly 
enhanced  by  the  overwhelming  advantages  that  closely  follow 
upon  the  introduction  of  improved  and  more  rapid  transit 
facilities,  that  opposition  to  the  extension  of  a  trolley  line  is 
almost  unknown. 

The  Siemens  line  at  Guernsey, — the  line  that  crosses  the 
great  piazza  on  which  Milan  Cathedral  stands, — the  Brussels, 
Hamburg,  Bremen,  and  a  dozen  other  Continental  installations, — 
are  European  examples  of  line  construction  to  which  no  reason- 
able objection  can  be  urged.  The  electric  tramway  has  a  future 
as  great  in  Great  Britain  as  elsewhere,  and  in  no  other  country 
in  the  world  has  it  failed  to  already  secure  universal  acceptance. 

The  English  tramway  operators,  and  the  able  executive  officers 
of  the  Tramways  Institute  of  Great  Britain  and  Ireland,  are  keenly 
alive  to  the  possibilities  that  lie  in  electric  traction,  and,  under 
most  adverse  conditions,  are  doing  their  best  to  smooth  the  path 
of  progress.  It  remains  with  you,  gentlemen,  to  supplement  their 
endeavours,  and  to  do  your  best  to  stimulate  and  encourage  the 
growth  of  public  opinion  in  its  favour. 
The.  The  President  :  Gentlemen, — I  suppose  I  am  doing  right  in 

thanking  Mr.  Blackwell  and  Mr.  Dawson  very  much  for  their 
paper,  and  for  the  very  interesting  collection  of  tramway  appli- 
ances which  they  have  brought  here  for  your  inspection.  At 
this  time  of  the  evening  it  is,  of  course,  impossible  to  begin  the 
discussion  on  these  papers,  which  must  therefore  be  postponed 
until  our  next  meeting.  I  accordingly  adjourn  this  meeting 
until  November  22nd. 

The  meeting  then  adjourned. 


1804.1 


DONATIONS  TO  TnE  LIBRAHT. 


IS33 


The  Two  Hundred  and  Sixty-eighth  Ordiuary  General  Meeting 
of  the  Institution  was  held  at  the  luBtitution  of  Civil 
Engineersj  25,  Great  George  t^treetj  Westminster,  on 
Thursday  evening,  November  22ndj  1894— Mr.  Alexander 
SiEMENSj  yi-  Inst*  C.E.,  President  J  in  the  Chair, 

The    minute:^    of    the   Ordiniiry   General   Meeting  held   on 
J<ovember  8tb,  1894,  were  read  and  approved. 

The  namea  of  new  candidates  for  election  into  the  Institution 

were  announced  and  ordered  to  be  suspended. 

MessBrs.  J.  T-   Morris  and  J,  O,  Girdlestone  were  appointed 

scrutineers  of  the  ballot  for  new  members. 


The  President  r  I  am  sorry  to  say  I  have  to  announce 
the  death  of  an  old  member  of  the  Itistitution  who  has  had  a 
great  deal  to  do  with  the  development  of  the  siibmanne  defences — 
( .'olo n  e  1  An nst  ron g^  R . E . j  w ho  d  i ed  not^  vo ry  1  on g  a^ o,  A  gre^t  many 
of  us  have  come  in  contact  with  him,  Bi*sides  developing  the 
system  of  submarine  mining,  he  was  the  first  electrical  adviser  to 
the  Board  of  Trade*  I  bring  this  to  your  knowledgej  and  saggest 
that  we  should  express  our  sorrow  at  Colonel  Armstrong's  death. 

Donations  to  the  Ijibrarj  were  announced  as  having  been 
received  since  the  last  meeting  from  the  Director  -  General  of 
Telegraphs,  India;  Dn  X  A<  Flemint^,  H*  Laws  Webb,  and  (■.  H. 
Wordingham,  Members;  to  whom  the  thanks  of  the  meeting 
were  duly  accorded. 

The  Presidext:  I  will  now  call  upon  Dr*  du  Uiche  Preller  to 
read  a  paper  on  a  kindred  subject  to  that  on  which  papers  were 
reatl  on  the  last  occasion. 


Dr.  Preller. 


C84  ELECTRICAL  STEEP-GRADE  TRACTION        [Kov.  22nd, 

ELECTRICAL  STEEP-GRADE  TRACTION  IN  EUROPE. 
By  C.  S.  Du  RiCHE  Preller,  M. A.,  Ph.D.,  A.M.  Inst.  C.E.,  Member. 

Introduction. 

The  rapid  growth  of  electrical  traction  in  Europe,  wherever 
local  conditions  and  reasonable  official  regulations  are  conducive 
to  its  adoption,  is  evidenced  by  the  fact  that  within  the  last  few 
years  it  has  also  been  extensively  applied,  and  is  in  course  of 
further  application,  on  steep-grade  or  mountain  railways  properly 
speaking — that  is,  on  lines  which  have  not  only  occasional  steep- 
grade  sections,  such  as  occur,  for  instance,  on  many  electrical 
tramways,  but  continuous  gradients  varying  from  5  to  25  and 
upwards  of  60  per  cent.  (1  in  20, 1  in  4,  and  1  in  1*6  respectively), 
and  which  connect  either  the  base  and  summit  of  a  given 
declivity,  or  diflferent  districts  separated  by  a  mountain  range. 

It  will,  therefore,  not  be  inopportune  if  I  place  before  the 
Institution  a  short  synopsis  of  what  has  been  already  done  in 
Europe  in  that  branch  of  electrical  engineering,  together  with 
certain  conclusions  and  proposals  founded  on  my  own  experience. 

Leaving  aside  for  the  present,  as  being  more  suitable  for 
separate  and  subsequent  treatment,  the  question  of  heavy — viz., 
50-  to  100-ton — electrical  locomotives  for  trunk  railways,  the 
working  of  steep  grades  by  electricity  may  be  considered  under 
two  heads — 

L  By  Cable  Traction  ;  and, 

2.  By  Motor  Cars  or  Locomotives  with  P^ixed  Conductors. 

Cable  Traction. 

Up  to  a  recent  period,  steep-grade  cable  railways  in  various 
parts  of  the  globe,  but  notably  in  Switzerland  and  in  the  Alps 
generally,  where  they  alone  exceed  20  in  number,  have  been 
constructed  for  being  worked  either  by  component  of  gravity  with 
water  ballast,  in  conjunction,  on  some  lines,  with  a  second  or 
compensation  cable,  or  in  some  cases  by  fixed  hydraulic,  gas,  or 
steam  motors 
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The  principal  disadvantage  common  to  all  lines  worked  by  d^,  PrcWer. 
component  of  gravity  consists  in  the  excessive  additional  dead 
load  due  to  the  water  ballast,  which  entails  not  only  a  great  deal 
of  additional  brake  power  per  ae,  but  a  variety  of  complicated 
safety  brakes,  involving  very  careful  manipulation;  while  the 
three  systems  of  fixed  motors  are  either  uneconomical,  or  unwieldy 
and  obsolete. 

The  superior  advantages  of  cable  traction  by  electrical  motors, 
as  compared  with  all  the  other  systems  referred  to,  have  been 
attested  by  three  lines  in  Switzerland,  all  of  which  have  been 
constructed  within  the  last  four  or  five  years — to  wit^  the 
Burgenstock,  on  the  Lake  of  Lucerne ;  the  Monte  Salvatore,  on 
the  Lake  of  Lugano;  and  the  Stanserhom,  near  the  Lake  of 
Lucerne,  which  last  named  was  opened  for  traffic  only  last  yean 
It  is  not  the  purpose  of  this  paper  to  give  a  detailed  description 
of  these  lines;  suffice  it  to  point  out  their  salient,  and  more 
especially  their  electrical  features. 

(a.)  Burgenstock. — ^The  summit  level  of  this  line  is  2,884  feet 
above  the  sea,  the  total  rise  being  1,443  feet  in  a  little  over  1,000 
yards,  the  minimum  grade  32,  and  the  maximum  58  per  cent* 
Electric  motive  power  for  working  the  cable  and  cars  is  obtained 
by  high-tension  (1,600-volt)  transmission  from  a  300-H.P.  hydro- 
electric power  station  2'5  miles  distant,  the  output  of  the  two  series- 
coupled  direct- current  Thury  dynamos,  driven  by  a  high-pressure 
turbine,  being  40  kilowatts,  or  60  H.P.  Two  corresponding 
series-coupred  motors  at  the  summit  of  the  cable  railway  drive 
the  cable  winding  drum  through  belt,  countershaft,  and  bevel 
gearing ;  the  total  reduction  being  700  to  5  revolutions,  or  140  to  1, 
corresponding  to  the  regulation  ear  speed  of  about  three  miles  per 
hour.  The  car  speed  is  regulated  from  the  motor  station,  and  not 
by  the  driver,  except  in  case  of  emergency. 

(6.)  Movie  Salvatore. — This  line  has  a  summit  level  of  2,900 
feet,  the  rise  being  2,000  feet  in  a  length  of  1*2  mile,  the  initial 
grade  at  the  base  1 7,  and  the  maximum  at  the  summit  60  per 
cent.  The  motor  station  is  situated  midway  up  the  incline,  and 
the  power  is  derived  by  a  2000-volt  transmission  from  a  large 
hydro-electric  1,500-H.P.  power  station  five  miles  distant;  the 
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Dr.  Preiier.  output  of  the  CErlikon  (Brown)  direct-current  generator,  driven 
by  a  high-pressure  turbine,  being  60  kilowatts.  The  correspond- 
ing motor  on  the  line  drives  the  cars  and  cable  in  precisely  the 
same  .way  as  on  the  preceding  line,  except  that  the  Salvatore 
incline  is  worked  in  two  sections. 

(c.)  Stanserhorn. — ^This  line  ascends  an  altitude  of  no  less  than 
6,200  feet  above  sea  level,  and  has  a  total  rise  of  4,570  feet  in  a 
length  of  2'5  miles,  worked  in  three  sections,  having  maximum 
gradients  of  30,  60,  and  62  per  cent,  respectively.  The  requisite 
power  per  car  is  40  H.P.,  and  a  motor  station  is  placed  at  the 
summit  of  each  section.  The  three  Thury  motors  actuate  the 
winding  drums  as  before  described,  and  are  fed  from  the  same 
power  station  as  the  Burgenstock  line,  but  by  a  separate  high- 
tension  (2,000-volt)  transmission  2'5  miles  in  length.  The  total 
efficiency  on  this,  as  on  the  other  lines,  is  about  60  per  cent. 

(d.)  Conduaions. — The  three  lines  of  which  I  have  given  a 
necessarily  very  incomplete  resume  mark  a  conspicuous  advance 
in  cable  traction.  As  compared  with  haulage  by  the  other  systems 
referred  to,  they  show  a  saving  in  car  weight  of  no  less  than  50 
per  cent.,  the  full  car  load  with  36  passengers  being  in  the  former 
case  12  to  15  tons,  and  on  the  electrically  worked  lines  only  6  to 
7  tons.  Again,  the  average  cost  of  construction  of  the  Swiss  cable 
railways  worked  on  the  older  systems  is  no  less  than  £41,000  per 
mile,  whilst  that  of  the  electrical  lines  is  only  £24,000  per  mile, 
or  40  per  cent.  less.  Similarly,  the  working  expenses  on  the  older 
lines  vary,  with  one  or  two  exceptions,  between  60  and  80  per 
cent.,  whereas  the  electrical  lines  are  worked  at  45  per  cent,  of 
the  receipts,  the  total  average  working  cost  being  4s.  per  car 
mile.  These  three  lines  also  show  a  remarkable  development 
due  to  electrical  traction  per  se,  inasmuch  as.  apart  from  the 
unprecedented  grades,  up  to  62  per  cent.,  or  1  in  1-6,  the  length 
of  the  incline  has  been  gradually  increased  from  1,000  to  2,200 
and  4,500  yards,  which,  having  regard  to  the  mechanical  work 
performed  on  the  grades,  is  equivalent  to  14,  20,  and  44  miles 
respectively  on  the  straight  and  level.  And,  lastly,  the  superior 
safety,  simplicity,  and  smoothness  of  electrical  working,  attested  by 
the  Burgenstock  and  Salvatore  lines,  has  made  it  possible  to  dispense 
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on  the  Stanserhom  incline  with  the  rack  used  as  a  safety  factor  Dr.  Preiien 
on  its  two  predecessors ;  so  that  on  Stanserhom  electrical  traction 
has  achieved  the  feat  of  scaling  Alpine  altitudes  which,  it  was 
hitherto  believed,  could  only  be  reached  by  rack  railways  worked 
with  special  steam  locomotives,  such  as  those  used  on  the  48 
per  cent,  grades  of  the  neighbouring  Mount  Pilatus  line,  at 
double  the  expenditure  of  power,  double  the  train  load,  and 
more  than  double  the  cost  per  train  mile. 

Thaction  by  Motoe  Cabs  oe  Locomotives  with  Fixed 
Conductors. 

The  first  steep-grade  railway  worked  by  electrical  traction  with 
fixed  conductors  in  Europe  was  the  Florence  and  Fiesole  line, 
opened  in  1891.  It  was  in  succession  followed  by  the  Murren 
mountain  railway,  in  Switzerland,  opposite  the  Jungfrau ;  by  the 
Mont  SalJve  line,  in  Savoy  (near  Geneva) ;  by  the  Genoa,  and 
then  by  the  Zurich  steep-grade  road  railways ;  and  quite  recently 
by  a  similar  line  at  Barmeua,  in  Rhenish  Prussia. 

Of  these  lines,  those  of  Florence,  Murren,  Genoa,  and  Zurich 
have  continuous  grades  of  8,  5,  7,  and  6  per  cent,  respectively, 
and  are  worked  as  simple  adhesion  lines,  with  overhead  contact 
wires,  and  return  circuit  by  the  electrically  bonded  rails ;  while 
the  Sal6ve  and  Barmen  lines,  having  continuous  inclines  of  25 
and  18  per  cent.,  or  1  in  4  and  1  in  6  respectively,  are  worked 
with  the  aid  of  a  rack,  and  the  former  has  an  outside  conductor 
rail  in  the  shape  of  an  inverted  ordinary  flange  rail,  while  the 
latter  has  overhead  contact.  The  Murren  line  is  the  only  one 
worked  with  electrical  locomotives ;  all  the  others  are  worked  by 
single  motor  cars. 

(a.)  At  Florence,  the  power  station,  situated  at  the  foot  of  the 
incline,  comprises  three  Tosi  boilers,  three  CErlikon  vertical 
compound  90-H.P.  engines,  and  three  belt-driven  Edison  bi- 
polar dynamos  with  a  total  effective  power  of  245  H.P.,  equal  to 
93  per  cent,  efficiency.  The  12  motor  cars  are  each  fitted  with 
two  20-H.P.  spring-suspended  and  series-coupled  Sprague- 
Edison  motors,  the  original  ones  having  double-reduction,  the 
more  recent  ones  single-reduction  spur  gearing.      The  contact  ii 
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Dr.  PreUer.  by  troUey  wheel  and  pole,  and  the  total  eflBciency  of  the  system  is 
G6  per  cent. 

(6.)  On  the  Murren  railway,  whose  altitude  is  5,300  feet  above 
sea  level,  power  is  generated  by  a  high-pressure  turbine,  which 
drives  a  direct-coupled  CErlikon  (Brown)  bipolar  dynamo  of 
120  H.P.  The  power  station  is  situated  about  midway  of  the 
line,  the  power  being  derived  from  the  torrent  of  the  celebrated 
Staubbach  Fall.  The  four  locomotives  weigh  7*5  tons  each,  and 
carry  two  30-H.P.  single-reduction  spur-geared  motors ;  the 
tractive  force  of  each  locomotive  being  about  one-third  of  its 
weight  -  sufficient  to  have  two  saloon  cars  (15  tons)  on  the  1  in  20 
grades  at  a  speed  of  eight  miles  per  hour.  The  total  efficiency 
of  the  system  is  68  per  cent. 

(c.)  The  power  station  of  the  Mont  Saleve  line  (smnmit  level, 
3,700  feet  above  the  sea)  is  situated  about  a  mile  from  the  line, 
and  comprises  two  low-pressure  turbines  and  two  separately 
excited  Thury  multipolar  dynamos  mounted  on  the  vertical 
turbine  shafts,  and  giving,  at  the  low  turbine  speed  of  50  revo- 
lutions per  minute,  500  H.P.,  or  only  a  quarter  of  their  com- 
bined normal  output  of  2,000  H.P.  The  12  motor  cars  are 
each  fitted  with  two  30-H.P.  four-pole  Thury  motors,  with 
double  spur  gear  reduction,  and  current  is  taken  from  the  out- 
side conductor  rail  by  metallic  slide-contact  shoes.  Owing  chiefly 
to  the  unnecessarily  heavy  gearing  of  the  motors,  the  total 
efficiency  is  only  about  52  per  cent. 

(d.)  At  Genoa,  thepower  stationis  about  1*3  mile  distant  from  the 
line,  and  contains  at  present  two  boilers,  two  compound  condensing 
Tosi  160-H.P.  engines,  and  two  belt-driven  110-kilowatt  Siemens 
inner-pole  dynamos.  Tlie  present  line,  which  is  the  nucleus  of 
a  projected  suburban  system,  is  worked  by  six  cars,  each  fitted 
with  two  16-H.P.  Siemens  motors ;  the  reduction  being  10  to  1,  by 
chain  and  toothed  wheel.  Current  is  taken  from  the  overhead 
wire  by  two  Siemens  &  Halske's  rectangular  metallic  contact 
frames. 

(e.)  The  Zurich  power  station  is  placed  at  the  upper  end  of  the 
line,  and  comprises  two  Galloway  boilers,  two  100-H.P.  CErlikon 
vertical  engines   and  dynamos,   together  with   an  accumulator 
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battery  of  300  Tudor  cells  for  compensating  the  variations  of  load  ^'  i*rei!er. 
of  the  «team  engine.    The  12  motor  cars  are  each  fitted  with  two 
12-H.P.   (Erlikon   motors.      The  total  efficiency  of  the   line  is 
65  per  cent. 

(/.)  At  Barmen,  the  power  station  is  situated  at  the  foot  of 
the  incline,  and  contains  two  225-H.P.  compound  condensing 
engines  driving  direct  two  Siemens  inner-pole  ring  dynamos,  whose 
output  is  155  kilowatts  each.  The  line  is  worked  by  10  motor 
cars,  each  provided  with  two  36-H.P.  Siemens  motors,  which,  by 
single  spur  gearing,  actuate  the  rack  pinions  mounted  direct  on 
the  car  axles.  The  total  efficiency  is,  like  that  of  the  other  lines, 
from  60  to  65  per  cent.  It  is  hardly  necessary  to  add  that  the 
working  tension  in  all  these  cases  is  500  to  600  volts. 

(g.)  CondvMona. — ^It  is  seen  that  the  primary  generating 
power  is  steam  on  the  Florence,  Genoa,  Zurich,  and  Barmen,  and 
hydraulic  on  the  Murren  and  Mont  Sal^ve  lines;  the  dynamos 
being  direct-driven  in  four,  and  indirect  in  the  other  two  cases. 
Notwithstanding  the  high  cost  of  fuel  in  Italy  and  Switzerland 
(as  much  as  30s.  per  ton),  and  the  steep  grades  on  the  Florence, 
Genoa,  and  Zurich  lines,  the  traction,  traffic,  and  maintenance 
expenses  do  not  exceed  4*5  pence  per  car  mile;  while  the 
total  working  expenses,  including  administration  and  renewals, 
are  within  7*5  pence  per  car  mile,  or  about  50  per  cent,  of  the 
receipts.  On  the  Murren  and  Sal^ve  lines,  the  cost  of  hydraulic 
power  per  annum  is,  of  course,  restricted  to  wages  and  repairs. 
In  the  former  case,  the  working  expenses  do  not  exceed  40  per 
cent,  of  the  receipts ;  while  in  the  latter  they  are  as  much  as 
80  per  cent.,  this  high  rate  being  due  chiefly  to  inadequate 
fares,  and  therefore  no  proper  criterion.  The  Sal6ve  and  Barmen 
rack  lines  are  worked  at  a  total  expenditure  of  about  3s.  per 
car  mile.  A  specially  noteworthy  featiure  is  the  steady  speed 
of  8  to  10  miles  per  hour  with  which  motor  cars  run  up  the 
steep  adhesion  inclines  of  6,  7,  and  8  per  cent,  at  Zurich, 
Genoa,  and  Florence ;  while  on  the  descent  a  speed  of  even  15 
miles  per  hour  has  proved  perfectly  safe,  in  conjunction  with 
the  powerful  and  instantaneous  action  of  the  electric  safety  brake 
constituted  by  the  motors  acting  as  dynamos  on  the  descent, 
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i>r.  PreUer.  although,  for  all  Ordinary  purposes,  even  the  mechanical  brake 
alone  suffices  to  stop  the  car  within  its  own  length. 

As  regards  the  comparative  working  cost  of  steep-grade 
adhesion  or  rack  railways  by  steam  and  by  electricity,  I  can 
affirm  from  my  own  experience,  as  well  as  from  every  other  case 
which  I  have  had  occasion  to  investigate,  that,  irrespective  of 
the  immensely  greater  elasticity  of  the  service,  and  consequently 
the  far  more  rapid  development  of  the  traffic,  electrical  working 
ensures  an  economy  of  at  least  50  per  cent,  as  compared  with 
steam. 

In  face  of  this  fiwjt,  it  may  safely  be  averred  that  the  conver- 
sion of  the  numerous  steam-worked  mountain  railways  of  the 
well-known  Righi  type  in  the  Alps  and  in  other  parts  of  Europe 
to  electrical  traction  is  simply  a  question  of  time ;  and  that  in 
this  country,  too,  the  projected  lines  of  a  similar  character,  such 
as  those  of  Snowdon,  Ben  Nevis,  and  Arthur's  Seat,  will  and 
can  be  economically  worked  only  by  electricity.  And  the  same 
may  be  said  of  ordinary  adhesion  lines,  notably  tram  roads,  with 
steep  gradients  ranging  from  5  to  8  and  up  to  10  per  cent., 
such  as  are  by  no  means  peculiar  to  the  Continental  lines  I 
have  described,  but  are  met  with  both  in  towns  and  on  country 
roads  in  many  parts  of  the  British  Isles. 

General  Conclusions. 

With  regard  to  electrical  traction  on  flat,  as  well  as  steep-grade 
lines  generally,  I  am  led  to  the  following  conclusions : — 

Direct  and  Indirect  Driving  of  Generators, — ^Although  direct 
driving,  whether  by  steam  engines  or  by  turbines,  is  the  ideal 
standard,  and  therefore  always  desirable  and  preferable,  it  cannot, 
for  tractive  purposes,  be  laid  down  in  all  cases  as  a  dictum  a 
priori.  On  lines  having  steep,  and  more  especially  alternately 
rising  and  falling  grades  coinciding  with  sharp  curves,  an  inter- 
mittent traffic,  and  frequent  stoppages,  the  fluctuations  of  load 
are  so  great  and  so  rapid— often  from  zero  to  maximum,  and 
vice  versdj  in  the  space  of  one  minute— that  vertical  high-speed 
engines,  more  especially  small  units,  generally  work  very  un- 
economically.      This  is,  e.g.,  the  case  at  Florence,  and  in  an 
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even  greater  degree  at  Marseilles,  where  the  high-speed  direct-  Dr.  Preiier. 
driving  engines  had  actually  to  be  replaced  by  horizontal  low-speed 
Corliss  engines,  with  belt  driving.  In  the  case  of  hydraulic  power, 
high-pressure  turbines  always  admit  of  economical  direct  driving, 
whereas  low-pressure  turbines  involve  for  direct  driving  propor- 
tionately larger  dynamos,  giving  only  part  of  their  normal  output, 
so  that  here,  too,  indirect  driving  by  gearing  or  belt  is  generally 
more  economical.     The  same  applies  where  gas  engines  are  used. 

Steamy  Hydraulic^  and  Gas  Generating  Power. — The  first 
cost  of  an  hydro-electric  installation  often  exceeds  that  of  steam 
plant,  being  in  some  cases  as  much  as  £60  per  H.P.,  more 
especially  in  the  case  of  a  variable  volume  and  small  head  of 
water,  involving  the  use  of  low-pressure  turbines  and  extensive 
canalisation.  High-pressure  turbine  installations  are  always  prefer- 
able and  more  economical,  both  as  regards  first  cost  and  working 
efficiency.  Where  cheap  hydraulic  power  is  not  available  within 
a  distance  of  about  four  miles  from  the  line,  or  electric  motive 
power  cannot  be  hired  at  £4  to  £6  per  H.P.  per  annum,  and 
where  fuel  is  dear,  gas  manufactured  on  the  spot  is  much  more 
economical  than  steam  power. 

Condaclivity  of  Rails. — Where  the  rails  serve  as  return 
circuit,  the  ordinary  fish-plates  should  have  the  same  sectional 
area  as  the  rails,  so  that,  together  with  stout  fastenings,  they 
make  a  joint  as  stiff  as  the  rail  itself.  In  this  way,  and  especially 
when  laid  on  metallic  sleepers,  as  is  practicable  with  overhead 
contact,  the  permanent  way  gives  80  per  cent,  of  the  required 
conductivity  at  the  joints ;  so  that  only  20  per  cent,  has  to  be 
made  up  by  copper  bonding,  plus  an  adequate  margin  of,  say, 
10  per  cent.  By  this  means  the  average  loss  of  tension  on  the 
line  does  not  exceed  1  per  cent,  per  mile.  Solidity,  compact- 
ness, and  careful  maintenance  of  permanent  way,  such  as  is 
usually  found  on  electrical  lines,  as  well  as  on  railways  generally 
in  Europe,  go  far  to  make  up  for  the  elaborate  copper  bonding 
which  the  often  defective  condition  of  permanent  way  necessitates 
on  American  lines.  It  is  for  the  same  reason  that  electrolytic 
action  on  gas  and  water  pipes,  which  is  so  common  a  phenomenon 
in  the  States,  is  practically  unknown  in  Europe. 
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Dr.  PreUer.  ConduclOT  Rail. — Where  a  conductor  rail  is  used,  it  should 
preferably  be  placed  outside,  instead  of  inside  the  ordinary 
rails,  because  the  outside  conductor  obviates  all  complications, 
and  the  contingency  of  short-circuit  at  points  and  crossings.  On 
specially  steep  grades,  involving  the  use  of  a  central  rack,  the  rack 
rail  or  bar  itself,  having  continuous  contact  with  the  pinion  wheels, 
constitutes  an  excellent  conductor,  provided  it  be  eflFectually 
insulated  from  the  sleepers  by  porcelain  bells  serving  as  supports. 
In  both  cases,  and  provided  metallic  cross  sleepers  be  used,  the 
conductor  rail  has  the  advantage  that  any  leakage  passes,  not  to 
earth,  but  into  the  ordinary  permanent  way  as  return  circuit. 

Overhead  Trolley  Wheel  and  Slide  Contact. — Contact  by  a  trolley 
wheel  whose  spindle  is  rigidly  held  by  the  trolley  pole  is  suitable 
for  lines  on  which  straight  sections  and  flat  curves  predominate ;  but 
for  lines  with  numerous  and  sharp  curves,  the  rectangular  single  or 
double  slide-contact  frame,  as  used  by  Messrs.  Siemens  &  Halske 
on  their  overhead  lines,  is  far  preferable.  It  is  lighter  and  more 
pleasing  in  appearance  than  either  the  rigid  trolley,  the  flexible 
South  StaflFordshire  trolley,  or  the  slide-contact  bars  used  on  the 
Isle  of  Man  line.  It  obviates,  moreover,  many  of  the  objectionable 
cross  and  diagonal  wires,  and  hence  the  infinite  variety  and 
complexity  of  fastenings  which  the  use  of  the  rigid  trolley  wheel 
involves,  and  many  of  which,  however  neat  as  mechanical 
contrivances  per  «c,  are  not  exactly  ornamental  objects  when 
suspended  at  a  height  of  only  20  feet  above  the  roadway.  The 
only  defect  to  which  the  Siemens  slide  contact  is  subject  consists 
in  the  upper,  slightly  arched,  and,  of  course,  renewable  contact 
side  of  the  frame  being  liable  to  become  grooved,  whereby 
the  easy  play  to  right  and  left  of  the  contact  wire  is  im- 
paired; but  this  defect  can  be  easily  remedied  by  employing 
material  of  adequate  resistance.  This  contact  system  is  used  on 
the  Buda-Pesth  suburban  lines,  as  well  as  at  Dresden,  Hanover, 
Mulhouse,  on  the  Barmen  and  Genoa  lines  already  mentioned, 
and,  in  a  modified  form,  necessitated  by  the  cars  having  outside 
seats,  also  at  Hobart  Town,  Another  and  very  simple  form 
of  slide  contact  is  that  used  on  an  electric  road  railway  from 
the    Lake    of    Lucerne   to  the   foot   of  Stanserhom,  and  con- 
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sisting   in   a  crescent-shaped   grooved  contact  piece   of  bronze,  Dr  PreUer. 
which  is  loosely  hinged  to  the  trolley  pole,  tind  thus,  in  conjunction 
with  the  lateral  play  of  the  pole,  adjusts  itself  to  the  sinuosities  of 
the  line. 

Uvderffround  Contact  and  Accumulator  Gars. — It  is  gener- 
ally recognised  that  the  overhead  trolley  system,  which,  much  as 
it  has  been  improved,  is  in  reality  only  a  makeshift,  is  unsuited 
for  the  central  parts  of  the  large  towns,  and,  a  fortiori,  of  the 
metropolis  of  this  country ;  and  the  same  applies  equally  to  the 
other  largest  capitals  of  Europe— to  wit,  Paris,  Berlin,  and 
Vienna.  In  these  cases,  the  conduit  system  or  accumulator 
cars  are  therefore  at  present  the  only  practicable  solution  of 
the  problem.  In  Europe,  the  conduit  system,  whether  it  be 
that  of  Buda-Pesth,  or  with  a  central  slot,  may  be  estimated  to 
cost  complete  at  least  £10,000  per  mile  of  single  line  and  up- 
wards, according  to  local  conditions,  though  this  is  not  too 
costly,  having  regard  to  the  enormous  traffic  in  large  towns  ;  but 
its  efficient  working  presupposes,  among  other  things,  very 
perfect  drainage  of  the  trench.  As  regards  accumulator  cars, 
they  would  really  constitute  an  ideal  form  of  electrical  tramway 
traction  in  towns,  if  the  present  car  weight  of  12  to  15  tons,  and 
the  power  and  traction  expenses  of  8d.  to  lOd.  per  car  mile,  could 
be  reduced  to  half.  As  a  case  in  point  may  be  quoted  the  unwieldy 
accumulator  cars  which  run  on  the  Madeleine  and  St.  Denis  Tram- 
way in  Paris,  and  give  fairly  satisfactory  results,  but  which,  owing 
to  their  heavy  weight,  are  not  infrequently  deficient  in  torque 
on  the  long  1  in  20  grades,  when  the  motors  become  saturated. 
Moreover,  as  at  present  constituted,  electric  accumulator  cars  have 
a  formidable  rival  in  another,  and  absolutely  smooth  and  noiseless, 
though  equally  costly,  form  of  storage  system,  viz.,  that  of  com- 
pressed air,  as  used  at  Nantes,  at  Nogent,  in  the  suburbs  of  Paris, 
and  at  Berne,  in  Switzerland.  The  overhead  system,  on  the 
other  hand,  is  very  well  adapted  for  suburban  tramways,  and 
eminently  so  for  light  railways  and  road  railways  in  the  country. 
The  cost  of  such  suburban  street  railways  is  about  £15,000  per 
mile  of  double  line,  including  equipment;  while  that  of  road 
railways  in  country  districts,  if  constructed  on  the  metre  or 
VOL.  xxin.  49 
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Dr.  prcjier.  3  ft.  3  in.  gauge,  can  well  be  kept  within  £6,000  per  mile, 
including  electrical  equipment.  In  this  connection,  the  abeady 
quoted  road  railway  from  the  Lake  of  Lucerne  to  the  foot  of 
Stanserhom,  which  only  cost  £4,500  per  mile,  as  well  as 
another  similar  line  near  Bale  worked  with  locomotives,  have 
demonstrated  what  a  cheap  and  convenient  electrical  service  can 
do  in  essentially  agricultural  districts. 

Oearleaa  and  Geared  Motors. — Gearless  motors  are  eminently 
suitable  for  high  speeds,  while  for  low  speeds  they  require 
to  be  of  inconveniently  large  size.  For  geared  motors  single 
reduction  is  of  course  always  preferable,  although  on  ex- 
ceptionally steep  grades,  where  the  motors  have  to  develop  their 
maximum  power  at  minimum  car  speed,  double  reduction  may 
in  some  cases  be  unavoidable.  In  any  case,  spur  gearing  is 
always  preferable  to  worm  gearing  or  chain  motion,  both  of  which 
involve  too  much  friction  and  consequent  loss  of  power. 

Parallel  and  Series  Coupling  of  Motors* — This  much-debated 
question  cannot  be  decided  d  priori^  but  depends  on  individual 
cases.  For  level  or  easy-grade  lines,  parallel  coupling  is  more 
suitable ;  whereas  on  steep  grades,  where  starting  requires  always 
the  maximum  torque,  series  coupling  is  generally  called  for. 

Variations  of  Load. — On  lines  with  steep  or  rising  and  falling 
grades,  these  variations  cannot  be  mitigated,  much  less  equalised, 
simply  by  increasing  the  number  of  cars  or  trains  on  the  line,  since 
the  variations  are  caused  not  only  by  the  varying  traffic,  but  by  the 
varying  grades  and  curves,  and  by  the  varying  degrees  of  adhesion, 
more  especially  in  starting.  Where  separately  excited  dynamos 
are  used,  a  means  of  partially  compensating  the  variations  of  load 
is,  as  is  well  known,  that  of  varying  the  excitation  by  the  main 
current  passing  through  the  exciter.  Another  partial  remedy 
is  that  of  Thury's  automatic  regulation  by  a  shunt  of  the  main 
current  passing  through  a  solenoid  and  acting  on  an  armature 
which,  in  its  turn,  acts  automatically  on  a  rheostat.  Or,  again, 
in  some  power  stations,  so-called  Baffard  coupling  discs  are  used, 
which  act  at  once  as  fly-wheels  and  as  a  protection  of  the  dynamos 
against  short-circuit  in  case  of  atmospheric  discharges.  But  all 
these  devices  are  more  or  less  palliatives,  and  more  especially 
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automatic  regulation,  such  as  Thury's,  is  efifectual  only  when  the  Dr.  PreUer. 
speed  of  the  steam  engine  or  turbine  is  constant.  The  most 
effectual  remedy  is  the  addition  to  the  power  station  of  an 
accumulator  battery,  which  absorbs  any  excess  of  supply  from 
the  generator  over  demand  on  the  line,  and,  vice  verad^  makes  up 
for  any  deficiency  of  supply,  so  that  the  steam  engine  and 
generator  —viz.,  the  unit  or  units  required  for  the  ordinary  service 
— can  always  run  at  full  and  constant  load.  Accumulator  batteries 
have  fully  vindicated  their  claim  as  an  important  auxiliary  and  as 
a  means  of  economical  working  of  traction  installations  at  Zurich, 
and  still  more  recently  in  the  Isle  of  Man,  and  well  repay  the 
additional  first  cost  of  plant,  seeing  that  the  saving  in  fuel  alone 
suffices  to  cover  the  first  cost  of  the  battery  in  three  or  four  years. 

Accidents. — In  Europe,  the  tramways  and  railways  so  fiur 
worked  by  electricity,  and  aggregating  about  500  miles  in  length, 
have  hitherto  practically  enjoyed  immunity  from  serious  accident 
to  human  life.  The  only  serious  case  was  that  which  occurred  on 
the  Florence  and  Fiesola  line  shortly  after  the  opening  for  traffic, 
when  a  totally  incompetent  driver  completely  lost  control  over 
the  more  than  sufficiently  powerful  mechanical  and  electric  brakes 
of  a  foil  car,  which,  running  unimpeded  down  the  8  per  cent, 
incline,  attained  a  velocity  of  40.  miles  per  hour,  and  left  the 
metals  on  entering  a  sharp  curve,  precisely  at  the  point  where  the 
centriftigal  force  exceeded  the  car  weight,  the  result  being  the 
loss  of  five  lives.  This  accident  taught  the  salutary  lesson  that 
in  Europe  the  safety  of  the  service  and  that  of  passengers 
imperatively  require  the  driving  of  electrical  cars  or  trains  by 
properly  trained  and  competent  men. 

Contimioua  and  Alternate  Curr^.— Hitherto  continuous 
current  has  been  exclusively  used  for  electrical  traction.  But, 
having  regard  to  the  high  degree  of  efficiency  and  perfection  and 
the  ease  of  starting  recently  attained  in  alternate-current  motors, 
thanks  notably  to  the  persevering  efforts  of  such  constructors  as 
Messrs.  Brown,  Boveri,  &  Co.,  it  may  be  confidently  predicted 
that,  as  in  lighting  installations  and  in  power  transmissions  for 
industrial  purposes,  so  also  in  electrical  traction  alternate  is 
destined    to    supplant    continuous  current.     Alternate   current, 
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Dr.  Preiier.  whether  single  or  multiphase,  will  not  only  admit  of  electrical 
traction  being  applied  over  much  longer  distances  than  is 
economically  possible  with  continuous  current,  but  it  will 
ensure  a  saving  of  something  like  30  per  cent,  in  the  weight  of 
dynamos  and  motors,  irrespective  of  the  saving  in  copper  of  feed 
and  contact  wires,  and  will  thus  considerably  simplify  and  cheapen 
electrical  installation  and  equipment  for  tractive  purposes.  But, 
whether  by  alternate  or  by  direct  current,  or  by  a  combination 
of  both,  on  flat  as  on  steep-grade  lines,  on  so-called  light 
railways  as  on  tram  roads  in  town  and  country,  we  may  be 
well  assured  that  electrical  traction  in  its  various  forms  has, 
both  in  this  United  Kingdom,  in  the  Colonies,  and  throughout 
Europe,  a  brilliant  and  triumphant  future.* 

The  President  :  After  the  way  in  which  you  have  received 
this  paper,  I  think  it  is  hardly  necessary  to  ask  you  to  pass  a 
formal  vote  of  thanks  to  Dr.  du  Riche  Preller.  I  will  now  call 
upon  you  to  discuss  Mr.  Wilkinson's  paper,  which  has  already 
been  printed  in  the  Transactions,  the  two  papers  which  we  heard 
on  the  last  occasion,  and  Dr.  Preller's  paper. 

Dr.  Keith,  Dr.  N.  S.  Keith  :  I  can  add,  for  whatever  interest  it  may  be 

to  the  Institution,  a  short  description  of  a  plant  in  which  a  grade 
of  1,600  feet  in  3,000  is  ascended  by  means  of  electrical  power, 
viz.,  that  of  the  Pasadena  and  Mount  Wilson  Bailroad,  in 
Southern  California.  It  has  been  built  as  a  road  to  satisfy  the 
pleasure-toiurists  who  ascend  into  the  high  mountains  from  the 
hot  climate  of  Pasadena  in  summer  time,  and  to  give  them  a 
diversion  by  carrying  them  into  the  snows  in  the  winter,  from 
places  where  they  have  no  snow.  The  line  runs  from  Pasadena, 
and  will  eventually  end  on  the  top  of  Mount  Wilson,  some  13  or 
15  miles  away,  at  an  elevation  of  7,000  feet  above  the  sea.  I  am 
only  giving  approximate  figures.  The  line  was  completed  and 
inaugurated  a  year  ago  last  July  to  the  top  of  Echo  Mountain — 
3,500  feet  above  the  city  of  Pasadena,  which  is  some  few  hundred 
feet  above  sea  level.  For  a  distance  of  two  or  three  miles  the 
average  grade  is  a  very  uniform  one,  of  about  7^  per  cent.  There 
8  then  a  grade  which  necessitates  an  ascent  of  about  1,600  feet 
in  3,000.     The  ascent  and  descent  are  made  by  means  of  a  cable 

•  For  illustrations  of  Dr.  Preller's  paper  see  Plate  C. 
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run  by^a  75-H,P.  Keith  electric  motor,  placed  at  the  summit  of  ©r.  Keiuu 
the  rise.  There  are  two  cars  fixed  at  equal  distances  on  the 
endless  cable,  so  that  when  one  runs  up  the  other  runs  down,  and 
thus  balance  each  other.  The  cars  are  so  constructed  that  the 
seats  are  horizontal ;  the  inclination  of  the  car  base  is  approxi- 
mately 45°.  The  motor  receives  its  electric  current  of  500  volts 
from  several  sources.  At  a  small  town  half-way  between  this  severe 
rise  and  the  town  of  Pasadena  are  located  two  60-H,P.  gas 
engines  driving  dynamos.  At  various  localities  in  the  mountains 
above  are  placed  dynamos,  driven  by  Pelton  tangential  water- 
wheels,  which  receive  their  impetus  from  small  quantities  of  water 
under  heads  of  several  hundreds  of  feet,  playing  tangentially 
against  radial  buckets  upon  the  wheels.  This  combination  of  gas 
engines  and  water-wheels  is  a  present  necessity,  because  the 
quantity  of  water  now  available  for  power  is  insufficient.  It  is  in 
contemplation,  and  will  be  carried  out  by  the  time  the  road  is 
completed  to  the  top  of  Mount  Wilson,  to  derive  a  quantity  of 
water  from  the  other  side  of  the  mountain.  Four  hundred  feet 
below  the  summit  there  is  a  small  stream  flowing.  It  is  in.  con- 
templation to  pump  this  water  over  the  400  feet  by  electrical 
power,  and  allow  it  to  fall  upon  the  western  slope  of  the 
mountain,  where  it  has  in  the  course  of  a  few  miles  a  descent  of 
4,000  feet.  Two  hundred  or  300  feet  in  excess  of  the  400  feet 
will  give  sufficient  fell  to  furnish  electrical  energy  for  power  to 
run  the  motor  and  pump,  leaving  some  3,300  feet  fall. for  power 
for  the  direct  work  of  the  railway. 

Mr.  Mark  Robinson  :  I  should  like  to  say  a  few  words,  not  of  Mr. 

•^  '  Robinson. 

criticism,  but  of  appreciation  and  welcome  to  these  valuable  and 
important  papers.  Experts  who  speak  later  will  deal  as  men  of 
science  with  the  scientific  questions  involved ;  I,  who  have  no  claim 
to  speak  upon  this  subject  as  an  expert,  will  but  say  a  few  words 
upon  the  commercial  aspect  of  these  papers.  Like  many  others 
in  this  room,  my  living  is  bound  up,  in  part  at  least,  in  the 
expansion  of  the  electrical  industries  of  this  country ;  and  I  believe 
these  papers  come  at  a  most  propitious  time,  and  that  they  will 
give  no  small  impulse  to  that  expansion.  Electric  tractiou  is 
upon  us,  and  its  coming  magnitude  but  few  of  us  are  able  to 
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measure,  but  it  will  be  greatly  to  the  benefit  of  en^neera  and 
electricians,  not  less  than  of  the  capitalists  who  will  build  and  of 
the  public  who  will  use  the  lines.  Not  forgetting  much  good 
work  in  Germany  and  in  other  Continental  countries,  and  the 
really  remarkable  traction  works  which  have  been  carried  out  in 
England,  though,  unfortunately,  to  such  a  limited  extent,  I  think 
we  must  all  allow  that  the  country  which  has  most  to  teach  us  in 
electrical  traction  is  America.  In  the  last  session  we  had  the 
recent  general  progress  of  electricity  in  America  sketched  for  us 
with  a  master's  hand  by  Mr.  Preece;  now  we  have  a  younger 
engineer  who  has  utilised  his  stay  in  that  country  to  bring  back 
to  us,  in  a  form  at  once  concise  and  attractive,  much  valuable 
information  about  the  details  of  American  practice.  It  should  be 
gratifying  to  us  that  not  only  did  our  American  friends  place 
their  experience  and  knowledge  at  Mr.  Wilkinson's  disposal  as  an 
individual,  but  they  did  so  avowedly  for  the  benefit  of  this  Insti- 
tution, for  which  Mr.  Wilkinson  told  them  that  he  desired 
information.  It  is  perhaps  even  more  gratifying  that  an 
American  engineer  lays  before  us  fully,  and,  as  fisLr  I  can 
judge,  without  any  reservation,  not  merely  the  general  fects  of 
American  electric  traction  practice,  but  just  those  important 
details  upon  which  success  depends — ^the  how  to  do  it,  and  the 
how  not  to  do  it.  The  paper  of  Mr.  Blackwell  and  Mr.  Dawson  is 
what  I  call  an  unselfish  paper,  and  I  think  we  ought  to  thank 
them  very  much  for  it.  Their  display  of  apparatus  appeared  so 
interesting  that,  having  friends  in  France  at  the  present  time 
engaged  upon  a  large  electrical  traction  scheme  already  decided 
upon,  we  thought  we  could  do  them  no  better  turn  than  ask  them 
to  come  over  and  see  it.  They  have  seen  it  to-day,  and  are 
here  now ;  and  although,  by  reason  of  the  ciu^e  of  Babel,  they  cannot 
join  in  our  discussion,  they  say  they  are  rewarded  for  coming  over 
from  Paris  by  the  interest  of  Mr.  Blackwell's  collection.  One  of 
those  gentlemen  is  Mons.Heilmann,  whose  name  is  familiar  amongst 
electricians  and  railway  engineers  alike ;  and  with  him  is  Mons. 
Mazen,  one  of  the  engineers  of  the  Western  Railway  of  France, 
upon  whose  line  the  Heilmann  locomotive  was  tried  this  year,  and 
upon  whose  line  it  is  to  be  tried  next  year  upon  a  far  greater  scale. 
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Dr.  Preller's  paper  deals  mainly  with  specialities,  such  as  Mr. 
mountain  railways,  for  which  we  have  no  great  scope  in  this 
country,  and  I  think  we  shall  agree  that  the  papers  relating  to 
American  practice  come  more  closely  home  to  us  than  his.  If 
anything  would  tempt  me  to  indulge  in  criticism  to-night  (which 
I  said  I  would  not),  or  to  trespass  on  the  province  of  the  experts, 
it  would  be  some  of  the  statements  in  Dr.  Preller's  paper 
There  is  one  of  a  very  striking  kind  in  condemnation  of  the 
use  of  high-speed  direct-coupled  engines  for  electric  tramway 
work ;  but  I  will  refrain — consoled,  however,  by  the  fact  that  if 
that  question  needed  discussion  at  all,  it  should  have  been 
discussed  some  years  ago,  for  it  is  past  discussion  now. 

Mr.   H.   F.  Pabshall  :    I   have    listened  to  the   papers  on  Mr. 

P-r  Iia  U 

American  tramways  with  particular  interest,  because  I  am  desirous 
to  learn  whether  any  features  peculiar  to  American  tramways  have 
been  observed,  and  because  my  time  has  l)een  considerably 
occupied  in  designing  apparatus  for  their  use  since  the  fir3t 
commercial  electric  tramways  were  begun  in  the  United  State^. 

The  subject  of  earth  returns  has  been  touched  on  in  all  the 
papers.  I  may  say,  with  respect  to  this,  that  the  troubles  now 
so  common  in  the  United  States  might  have  been  largely  avoided 
had  these  return  circuits  been  put  in  according  to  principles  that 
are  thoroughly  well  understood.  The  extent  to  which  the  rails 
may  be  utilised  as  a  return  circuit  depends  on  how  well  they  are 
electrically  connected  together.  Ordinary  fish-plates  are  of  no 
use  in  accomplishing  this.  The  rail-bond  must  cany  the  whole 
current  from  rail  to  rail.  The  contact  between  the  bond  and  rail 
has  been  almost  universally  a  pressure  contact.  Experience  with 
polished  copper  pressure  contacts  is  that  a  current-density  of 
300  amperes  per  square  inch  for  currents  up  to  500  amperes 
should  not  be  exceeded.  For  greater  currents  so  high  a  density 
is  not  permissible,  since  the  contact  surfaces  cannot  be  fitted  so 
well  together. 

With  iron  contacts,  especially  when  liable  to  corrosion,  50 
amperes  per  square  inch  is  as  high  as  is  safe  in  most  cases.  In 
other  words,  if  1,000  amperes  per  square  inch  is  taken  to  be 
the  mean  current-density  permissible  in  the  bonds,  the  contact 
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surface  between  rail  and  bond  should  be  20  times  the  section  of 
the  bond.  Supplementary  conductors  should  be  located  so  that 
the  current-density  in  the  bonds  is  kept  within  this  limit.  In  the 
case  of  very  large  currents  the  permanency  of  the  earth  circuits 
is  best  insured  by  electrically  welding  all  the  joints  together. 

Mr.  Wilkinson  touched  on  the  amount  of  power  taken  by 
electric  tram-cars.     Some  further  data  may  be  appreciated. 

A  fair  value  for  the  amount  of  energy  taken  by  ordinary  cars 
of  from  8,000  to  10,000  lbs.,  making  schedule  time  from  8  to 
12  miles  per  hour,  is  one  Board  of  Trade  unit  per  car  mile, 
corresponding  to  from  60  to  80  lbs.  of  steam  taken  by  high-speed 
American  non-condensing  engines  and  belt-driven  dynamos  used 
in  small  stations,  or  35  to  40  lbs.  of  steam  taken  by  slow-speed 
Corliss  non-condensing  direct-connected  plant  used  in  large 
stations.  The  figures  show  how  much  can  be  gained  where 
the  fluctuations  in  output  can  be  lessened,  so  that  the  dynamos 
need  not  be  driven  by  engines  excessively  large  for  the  average 
amount  of  work  to  be  done. 

The  current  taken  in  starting  the  car  is  from  40  to  50  amperes 
with  the  series  parallel  controller.  This  current  corresponds  to 
1,600  to  2,000  lbs.  horizontal  eflFort  at  the  periphery  of  a  33-inch 
wheel,  and  accelerates  the  car  ilnder  ordinary  conditions  about  2 
feet  per  second. 

The  energy  taken  per  car  mile  remains  fairly  constant  through 
a  wide  range  of  speed,  which  points  to  the  economy  of  as  high 
tramway  speeds  as  safety  permits.  The  practice  in  the  United 
States  of  running  the  cars  at  from  4  to  6  miles  per  hour  in  the 
crowded  streets,  and  12  to  15  miles  per  hour  in  the  outskirts, 
seems  to  the  speaker  to  be  reasonable,  since  accidents  generally 
occur  in  the  slow-speed  districts. 

The  curves  in  Figs.  1  and  2,  Plate  D,  show  the  speed,  torque,  and 
efficiency  (including  loss  in  gearing)  of  a  good  modern  American 
tramway  motor,  designed  for  series  parallel  control.  If  this 
motor  were  adjusted  to  English  practice  the  torque  would  be 
increased  50  per  cent.,  and  the  starting  current  for  the  same 
conditions  diminished  to  two-thirds  of  that  quoted  above  for 
Anirniean  practice. 
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Begarding  the  application  of  altematiog  currents  to  tramways,  J^Jigj^. 
I  may  say  the  properties  of  the  induction  motor  are  not  such  that 
it  may  compare   favourably  with  continuous-current  motors  for 
ordinary  tramway  work. 

I  submit  herewith  for  your  consideration,  in  Fig.  3,  Plate  E,  a 
torque  curve  of  a  well-designed  three-phase  induction  motor  which 
should  be  compared,  as  to  form,  with  the  torque  curves  of  the 
continuous-current  motors  given  above.  The  indirect  application 
of  alternating  ciurrents  to  drive  commutating  dynf^os  for  the 
operation  of  tramways  is  being  successfully  carried  out,  and  has 
the  advantages  of  avoiding  long  earth  returns  and  heavy  feeders. 

Begarding  the  experience  in  the  United  States  with  direct- 
connected  railway  dynamos,  I  may  say  briefly  the  results  have 
been  most  gratifying.  No  mechanical  troubles  have  been 
experienced  either  with  dynamos  or  engines,  and  the  safety  and 
economy  gained  are  even  more  marked  than  on  direct-connected 
lighting  dynamos.  As  an  example  of  the  service  such  plant  has 
been  put  to,  I  may  quote  the  Intramural  Boad  at  the  Chicago 
Exposition.  There  were  14  trains  of  67  tons  each;  scheduled 
time,  including  stops,  10  miles  per  hour ;  each  train  taking  on  an 
average  42  kilowatts,  but  frequently  more  than  250  kilowatts,  so 
that  the  fluctuation  of  load  on  the  750-kilowatt  100-revolution 
engine  and  dynamo  was  regularly  between  400  to  1,500  kilowatts. 
This,  together  with  occasional  short-circuits,  threw  on  the  plant 
great  strains;  still  there  was  no  trouble  from  any  source,  and 
after  the  apparatus  was  taken  apart  at  the  end  of  the  Exposition 
it  was  found  to  be  in  perfect  condition. 

For  those  who  are  interested,  I  submit,  in  Figs.  4  and  5,  Plate 
E,  speed  and  current  curves  of  one  of  the  Intramural  trains,  which 
is  a  fair  illustration  of  the  fluctuation  of  current  in  such  practice. 

Captain  Sankey  :  Mr.  Wilkinson  in  his  supplementary  paper  captain 
says:  "An  over-load  or  short-circuit,  when  driving  by  belt, 
"puts  a  sudden  brake  on  the  periphery  of  the  wheel,  and  a 
"  shearing  strain  on  the  spokes.'*  This  is  no  doubt  true ;  but  it 
may  be  questioned  whether  the  stresses  so  produced  in  the  spokes 
can  be  of  sufficient  intensity,  in  a  well-designed  fly-wheel,  to  lead 
to  accident,  because  the  energy  stored  up  in  the  rim  of  the 


70>  DISCUSSION.  [Nov.  22nd, 

gjjj^n  fly-wheel  is,  so  to  si)eak,  discharged  directly  into  the  belt — that 
is,  it  is  taken  up  by  the  belt  and  does  not  affect  the  spokes. 
A  different  state  of  things  occurs,  however,  in  the  fly-wheel  of 
an  engine  connected  rigidly  to  the  dynamo  it  is  driving.  In  that 
case  the  energy  in  the  fly-wheel  has  to  be  discharged  through  the 
spokes,  because  the  rim  tends  to  get  ahead  of  the  boss,  and  so 
produces  shearing  and  bending  stresses  at  the  boss,  tending  to 
break  the  spokes.  That  such  stresses  may  be  a  serious  question 
,  in  the  fly-wheels  of  slow-speed  direct-driven  sets  is  hardly  open  to 
doubt,  and  they  may  very  possibly  lead  to  accident ;  at  the  same 
time,  there  is  no  such  risk  with  the  small  disc  fly-wheels  usual 
with  high-speed  direct-driven  sets.  The  construction  is  enor- 
mously stronger,  and  the  forces  act  with  a  leverage  reduced 
in  the  inverse  ratio  of  the  speed. 

It  is  often  said  that  if  a  short-circuit  takes  place,  the  engine 
would  suffer  damage  if  rigidly  connected  to  the  dynamo.  A 
moment's  consideration  will  show  that  it  is  not  the  engine,  but 
the  armature  of  the  dynamo,  that  is  liable  to  injury,  because  the 
engine  is  protected,  so  to  speak,  by  the  fly-wheel.  To  put  the 
matter  beyond  doubt,  however,  some  calculations  have  been 
made,  which  are  embodied  in  the  subjoined  figure. 

The  problem  worked  out  is  as  follows : — ^A  two-throw  single- 
acting  engine  of  200  H.P.,  running  350  revolutions  per  ndnute, 
is  stopped  by  a  short-circuit.  Find  the  maximum  torsional  stress 
produced  in  the  crank-shaft  by  the  inertia  forces  thus  called  into 
play  ?  The  point  where  the  short-circuit  should  begin,  in  order 
to  give  the  greatest  stress,  was  found  by  trial,  and  is  somewhat  in 
front  of  half  stroke.  The  protecting  effect  of  the  fly-wheel  is 
omitted.  The  results  of  the  calculations  are  shown  in  the  Figure 
by  the  full  line.  The  ordinates  give  the  torsional  stress  in  tons  per 
square  inch,  and  the  base  is  the  "angle  of  stop" — ^that  is,  the  angle 
described  by  the  crank-pin  from  the  moment  the  short-circuit 
commences  to  the  moment  the  engine  is  brought  to  rest.  It  is 
evident  that  the  greater  the  angle  of  stop  the  less  will  be  the  stres.s. 
If  the  angle  of  stop  is  nothing,  the  engine  is  stopped  absolutdy 
instantaneously,  in  which  case  the  energy  of  the  moving  parts 
of  the  engine  is  taken  up  in  the  spring  action,  or  resilience,  of 
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the  crank-shaft.   The  stress  is  then  considerable,  namely,  somewhat  §J^^ 
over  20  tons  per  square  inch,  as  shown  in  the  figure.      The  stress, 
however,  drops  very  rapidly :  at  10®  it  is  about  7  tons,  at  30*^  it 
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Angle  of  Stop. 

Torsional  stresses  in  crank-shaft  due  to  inertia  of  reciprocating  parts,  when 
engine  is  pulled  np  bj  short-circuit. 

Full  curre,  single-acting  engine      350  revs. 

Dotted  cunre,  double  acting  engine 100  „ 

a  and  0,  angles  of  stop  for  yirj^^  second. 

is  about  2  tons,  and  at  90*^  it  has  further  dropped  to  1  ton,  which 
is  not  much  in  excess  of  the  normal  stress  produced  by  inertia 
in  the  crank-shaft  in  the  normal  running  of  the  engine.  The 
ordinary  stresses  in  the  crank-shaft  of  the  engine  under  considera- 
tion, due  to  steam  pressure  and  inertia,  do  not  exceed  IJ  tons, 
it  being  necessary  to  allow  a  very  wide  margin  for  various  reasons 
— such  as,  for  instance,  the  eflfect  of  an  excess  of  water  in  the 
cylinders,  the  shocks  from  which,  though  insuflScient  to  burst  the 
cylinder  covers  or  break  the  pistons,  may  impose  heavy  stresses  upon 
the  crank-shaft.  If  we  allow  that  the  "  short-circuit "  inertia  stresses 
may  be  as  much  as  10  tons  per  square  inch,  it  still  leaves  a  very 
ample  margin,  because  the  elastic  limit  for  the  quality  of  steel* 
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used  for  crank-shafts  is  over  16  tons  per  square  inch.  On  referring 
to  the  figure,  it  will  be  seen  that  stoppage  within  an  angle  of  7*^ 
produces  a  stress  of  10  tons  per  square  inch.  At  full  speed  the 
crank  pin  of  this  engine  would  describe  this  angle  in  l-300th  of  a 
second,  so  that  the  stop  would  take  place,  roughly,  in  l-150th 
of  a  second;  and  it  is  hardly  conceivable  that  a  short-circuit  of 
suflScient  intensity  to  cause  so  rapid  a  stoppage  is  possible.  The 
problem  has  also  been  worked  out  for  a  double-acting  two-throw 
engine  of  the  same  power  as  the  single-acting  engine,  but  running 
at  only  100  revolutions  instead  of  350.  The  cranks  were  supposed 
to  be  set  at  right  angles,  as  this  is  the  more  usual  arrangement, 
and  it  is  favourable  to  the  double-acting  engine,  because  when 
one  set  of  moving  parts  has  the  maximum  amount  of  energy 
stored  in  them — that  is,  when  moving  with  the  greatest  velocity 
—  the  other  set  is  very  nearly  at  rest,  and  has  no  stored-up 
energy.  In  the  single-acting  engine,  the  cranks  being  set  at 
180°,  both  sets  of  moving  parts  not  only  attain  their  maximum 
velocity  simultaneously,  but  this  happens  at  the  time  of  maxi- 
mum leverage,  or,  at  least,  very  nearly  so,  the  diflference  being 
due  to  the  angle  of  the  connecting  rod.  The  crank-shaft 
of  the  double-acting  engine  has  been  taken  as  of  proportionate 
strength  to  that  of  the  single-acting  engine,  and  the  stroke  such 
as  to  give  the  same  maximum  piston  speed,  so  as  to  make  all  the 
conditions  the  same,  except  the  size,  the  revolutions,  and  the 
arrangement  of  the  cranks.  The  result  of  the  calculation  is  given 
by  the  dotted  line  in  the  figure,  which  is  not  very  diflferent  to 
the  full  line  for  the  single-acting  high-speed  engine  ;  but  it  wiU 
be  observed  that,  if  this  engine  is  stopped  in  l-150th  of  a  second, 
the  angle  described  by  the  crank-pin  will  be  only  2^  instead 
of  7^,  as  in  the  case  of  the  high-speed  engine,  and  the  stress 
in  the  shaft  will  be  over  20  tons.  The  single-acting  high- 
speed engine  is  therefore  in  a  much  better  position  as  regards 
short-circuit  than  the  slow-speed  double-acting  engine,  notwith- 
standing the  unfavourable  arrangement  of  the  cranks.  Never- 
theless, there  can  be  no  doubt  that  either  of  these  engines  is 
j)erfectly  safe  against  any  short-circuit  that  can  possibly  occur  in 
practice,  more  especially  if  we  take  into  account,  as  we  have  every 
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right  to  do,  the  protecting  eflfect  of  the  fly-wheel.  Therefore,  as  captain 
previously  stated,  it  is  only  the  armature  in  a  rigidly  coupled 
direct-driven  set  which  is  liable  to  give  trouble  should  a  short- 
circuit  take  place ;  and  it  is  also  evident  that  the  shaft  and  the 
armatinre  winding  can  be  made  strong  enough.  Such  a  direct- 
driven  set  will  be  perfectly  safe  against  any  short-circuit ;  and  that 
this  is  so  in  practice  is  confirmed  by  what  Mr.  Parshall  has  just 
told  us  happened  at  the  Chicago  Exhibition. 

Mr.  HoLROYD  Smith  :  I  am  strongly  tempted  to  make  some  Mr.  smith. 
remarks  relative  to  the  paper  of  Dr.  Preller  on  "  Steep  Grades," 
but  that  might  lead  me  into  occupying  more  time  than  one 
speaker  is  entitled  to.  I  will,  therefore,  for  the  sake  of  brevity, 
condense  my  remarks.  Mr.  Wilkinson  has  given  us  a  compre- 
hensive survey  of  the  progress  of  electric  traction  in  America,  and 
some  idea  of  its  present  gigantic  magnitude  and  importance.  He 
has  traced  out  very  fully  the  growth  and  development,  and  given 
it  to  us  in  a  manner  satisfewtory  to  those  previously  acquainted 
with  the  facts,  and  that  must  be  very  interesting  and  instructive 
to  those  who  are  now  beginning  to  give  attention  to  the  subject. 
To  the  American  financiers  we  owe  our  thanks,  for  they  have 
demonstrated  to  the  world  that  which  we  were  only  able  to 
scheme  and  dream  of,  because  the  British  purse-strings  have 
been  drawn  too  tight.  The  history  given  shows  there  is  a  danger 
in  hastening  too  rapidly.  The  Americans  have  "  caught  on  "  the 
ideas  very  quickly,  but  in  many  cases  have  rushed  into  enterprise 
without  availing  themselves  as  fully  as  they  might  have  done  of 
the  conclusions  resulting  firom  experiments  and  study  in  this 
country.  The  conclusions  arrived  at  in  Mr.  Wilkinson's  paper 
have  long  ago  been  enunciated  and  advocated  here.  I  will,  for 
the  sake  of  brevity,  not  repeat  the  whole  of  them,  but  will  come 
to  the  final  one — viz.,  that  the  proper  way  is  to  put  underground 
conduits  in  busy  thoroughfares  in  large  towns,  and  overhead 
conductors  in  suburban  districts  and  in  country  places.  It  is 
gratifying  to  those  in  this  country  who  have  long  advocated  these 
views  to  find  that  the  practical  experience  of  the  Americans  has 
led  them  to  the  same  conclusions.  There  is  one  opinion  expressed 
in  Mr.  Wilkinson's  paper  with  which,  it  might  be  expected,  I 
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Mr.  Smith,  should  entirely  concur  — viz.,  that  in  conduit  systems  it  is  better 
to  have  them  placed  in  the  centre  of  the  track,  not  combined  with 
the  rails.  On  this  I  do  not  like  to  be  as  definite  as  the  author  of 
the  paper.  Had  I  been  as  certain,  I.  should  not,  whilst  con- 
structing a  centre-channel  system,  have  worked  out  others  for 
combined  rail  and  channel.  Referring  to  Fig.  12,  illustrating  a 
channel  system  laid  in  Chicago,  it  is  to  me  a  very  interesting 
arrangement,  for  it  is  constantly  reappearing  under  varying 
names ;  and,  if  I  might  take  the  liberty,  I  should  call  it  free  Love. 
I  was  also  interested  in  the  description  given  of  the  two-wire 
system,  the  American  experience  again  demonstrating  the  truth 
of  English  predictions. 

The  other  portions  of  Mr.  Wilkinson's  paper  to  which  I  desire 
to  refer  may  be  taken  in  conjunction  with  the  consideration  of 
Mr.  Blackwell's  papers.  I  wish  specially  to  compliment  Messrs. 
Blackwell  and  Dawson  upon  their  paper.  They  set  an  example 
well  worth  following  —viz.,  they  do  not  content  themselves,  nor 
attempt  to  content  us,  with  abstract  figures.  They  show  us  how 
it  is  done.  They  bring  a  host  of  most  carefully  worked  out 
details  for  our  examination,  illustrating  how  thoroughly  the 
Americans  have  threshed  this  subject  out.  There  is  one  feature 
of  overhead  wire  lines — tramways  peculiarly  American — viz., 
what  they  call  the  trolley  bar,  but  what  I,  following  the  name 
given  to  it  by  Mr.  Beaumont,  have  always  called  the  fishing  rod. 
This  is  a  decided  improvement  upon  the  shuttle  as  used  by 
Messrs.  Siemens,  or  the  little  rolling  or  sliding  carriage  used  by 
myself,  and  adopted  in  the  first  overhead  wire  lines  in  America. 
There  are  certainly  many  points  in  favour  of  a  slider  on  the  wire, 
pulled  by  a  flexible  cord ;  but  inasmuch  as  this  involves  a  strain 
upon  the  wire,  whilst  the  fishing  rod  bears  under  the  wire, 
helping  to  support  it,  and  can  be  pulled  oflF  one  wire  and  changed 
on  to  another  with  ease  and  safety,  and  oflFers  less  risk  to  life 
than  a  slider,  which  may  jump  oflF  (of  course  at  the  wrong 
time),  these  are  sufficient  reasons  to  counterbalance  any  points 
in  favour  of  a  slider  and  cord.  I  believe  I  am  correct  in  saying 
that  Mr.  Sprague  was  the  originator  of  this  device,  and  the 
thanks  of  the  electrical  world  are  due  to  him.     There  have  been 
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hosts  of  improvements  of  details  appearing  under  other  names  Mr.  smith, 
and  other  patents,  and  all  pushed  with  more  or  less  energy ;  but 
one  seldom  hears  of  Mr.  Sprague  in  this  matter,  and  I  here  wish 
to  publicly  render  him  my  thanks.  There  is  plenty  of  scope  for 
a  separate  paper  on  trolley  bars,  or  fishing  rods.  Their  forms  are 
too  numerous  for  me  to  enter  upon  a  criticism  now.  It  will  be 
noticed  that  all  exhibited  and  described  are  for  use  on  cars  with 
no  roof  seats.  For  cars  with  roof  seats  the  arrangement  of  long 
horizontal  springs  at  the  back  would  be  prohibitive.  In  overhead 
wires  the  rod  is  subject  to  a  considerable  deflection,  especially 
when  low  bridges  have  to  be  passed  under,  and  yet  the  pressure  of 
the  contact-making  pulley  under  the  wire  must  be  approximately 
uniform.  Hence,  the  pnll  of  the  springs  in  all  the  examples 
shown  is  combined  with  cams  at  the  end  of  the  "  trolley  bar." 

I  will,  with  your  permission,  sketch  on  the  black-board  the 
method  I  adopted  at  Bradford  when  demonstrating  the  fact  that 
electric  tram-cars  could  run,  and  run  economically,  up  steep 
gradients. 

At  the  ends  of  the  car,  on  the  extension  of  the  roof  beyond  the 
railings  that  guard  the  seats,  I  place  a  pedestal  somewhat  like  the 
upright  of  a  jib  crane,  and  free  to  swivel ;  near  the  top  of  this 
upright  the  base  of  the  fishing  rod  is  hinged ;  near  the  base  of 
the  pedestal  is  hinged  a  shorter  b€ur,  carrying  at  its  end  a  link 
coupled  to  a  joint  on  the  fishing  rod,  thus  forming  a  parallelogram. 
From  the  pedestal,  at  a  point  more  or  less  close  to  the  pivot  of  the 
fishing  rod,  is  attached  a  spring  (or  nest  of  springs),  the  other  end 
being  attached  at  the  pivot  point  of  bar  and  link,  the  springs  thus 
passing  diagonally  across  the  parallelogram.  The  tendency  of  the 
springs  is  to  close  the  parallelogram  and  keep  the  fishing  rod  at 
its  highest  position.  It  follows  that  if  the  fishing  rod  is  depressed 
the  parallelogram  is  expanded  and  the  springs  stretched ;  the 
varying  leverage  obtained  by  the  parallelogram  compensating  for 
the  increased  tension  of  the  springs,  thus  securing  a  uniformity 
of  pressure  on  the  end  of  the  fishing  rod  through  a  wide  range  of 
movement. 

I  have  here  the  base  of  one  of  the  fishing  rods  employed ;  also 
the  collector  pulley,  through  which  has  actually  passed  a  current 
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Mr.  stnith.  taking  a  fully  loaded  car  weighing  10  tons  up  a  gradient  of  11| 
and  round  a  curve  at  a  speed  of  10  miles  an  hour,  and  stopping 
and  starting  on  the  hill  and  curve  whenever  required. 


Holroyd  Smith  Trollej. 
It  will  be  noticed  that  my  pulley  diflfers  somewhat  from  the 
type  that  prevails  in  America.  When  the  trolley  bar  is  attached 
to  the  centre  of  the  car,  and  assuming  the  wire  to  be  fairly 
central  over  the  track,  then  when  the  car  is  travelling  round  a 
curve  the  lateral  deflection  is  less  than  when  attached  to  the  rear 
of  the  car.  I  do  not  say  that  the  American  form  would  not  work 
imder  the  conditions  that  then  existed,  but  I  should  be  doubtful 
of  the  result.  It  will  be  seen  from  the  sketch  that  the  pulley 
used,  whilst  providing  a  suitable  groove  for  the  electric  wire 
on  the  straight,  allows  considerable  cross  lay  on  the  pulley 
without  fouling  the  flanges  or  allowing  the  wire  to  escape. 
This  enables  contact  to  be  maintained  with  less  upward  pressure 
than  is  necessary  when  the  American  shape  of  pulley  is  employed. 
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Messrs.  Blackwell  and  Dawson  show  a  luimber  of  devices  for  Mr.  simib. 
Honie  unknown  reason  called  ^'ears," 
They  are  the  means  of  attaching 
the  overhead  electric  wire  to  the 
sjian  wire  or  cross  arm,  and  insula- 
ting it  therefrom.  They  are  in- 
genious, well  made,  and  no  doubt 
effective,  but,  to  my  thinking,  too 
heavy,  too  expensive,  too  troublesome 
to  attach,  and  most  of  them  incapable 
of  being  afterwards  adjusted  when 
once  fixed.  This  simple  device  fulfils 
all  the  conditions  they  do,  and  at  the 
same  time  is  lighter  and  more  easily 
fixed,  and  can  be  adjusted  or  removed 
at  any  time.  The  theory  of  it  may  be 
interesting,  and  is  better  explained  ])y 
a  sketch — 


Holroyd  Smith  Trollej  Wheel. 


ff""TJJ 


Holroyd  Smith  Overhead  Wire  Cliji. 

A  split  tube  of  india-rubber  or  other  insulating  material  is 
first  slipped  on  the  8i>an  wire,  and  over  this  is  placed  a  bridge,  or 
saddle,  having  forked  lugs  at  either  end  projecting  downwards. 
Two  angle  plates  of  special  form  are  placed  below ;  one  arm  of 
each  angle  abuts  against  the  forked  lugs,  the  other  arms  are 
provided  with  hollow  recesses  for  gripping  the  electric  wire.  Lugs, 
or  projections,  are  formed  at  the  comers  of  these  angle  plates, 
engaging  with  the  heads  of  two  bolts  which  pass  upwards  through 
the  top  cover  plate  or  saddle.  By  tightening  the  nuts  on  thesie 
bolts  the  angle  plates  are  drawn  up,  strutting  against  the  forked 
projections  at  one  end,  and  causing  the  hollows  at  the  other  end 
VOL,   XXIII,  60 
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Mr.  Smith,  to  grip  the  clectric  wire.  It  will  W»  seen  that  by  slaek^nrag  the 
nuts  either  or  both  wires  can  be  slid  through  the  clamp.  The 
sample  shown  is  one  that  has  been  in  practical  use,  and  through 
a  misadventure  has  withstood  abnormal  strains  much  more  severe 
than  any  likely  to  occur  in  regular  practice. 

The  authors  of  both  the  papers  have  paid  much  attention  to 
rail-bonds  and  feeder  wire,  and  I  have  been  most  interested  in 
listening  to  the  historical  development.  One  described,  and  to 
which  I  understood  some  preference  to  be  given,  is  very  similar  to 
the  one  I  devised  and  employed  when  constructing  the  Bkckpool 
line  more  than  10  years  ago.  It  simply  consists  in  boring  holes 
in  the  flanges  of  the  rails  near  the  joints,  clearing  them  out  witli 
a  taper  reamer,  then  inserting  the  ends  of  a  bent  copper  tube,  U, 
which  bridges  from  hole  to  hole,  and  driving  into  the  tube-ends 
taper  metal  plugs,  A  A,  forcing  the  copper  iiito  close  meelianioal 


Ilolroyd  Smiths  Rail-Bond. 


contact  with  the  clean  steel  of  the  rail.  During  the  repairs 
which  have  taken  place  in  Blackpool  this  spring  some  of  them 
were  exposed,  and  I  found  them  to  he  in  excellent  condition  after 
10  years'  use.  I  may  also  say  that  the  rails  are,  and  were  at  the 
outset,  connected  with  the  negative  tenninal  of  the  dynamo  by 
insulated  copper  cable  of  ample  dimensions. 

An  electric  tramway  involves  more  than  the  distribution  and 
conversion  of  electric  energy,  and  T  am  glad  to  hear  so  much 
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stress  laid  ui>aii  the  necessity  of  a  good  i>ermanent  way.  The  Mr-  SM*th. 
liberty  allowed  in  America  has  given  the  engineers  there  a  much 
freer  course  than  we  have  here.  The  absence  of  the  groove, 
compulsory  in  this  country,  gives  much  freer  running.  It  is  well 
known  that  the  chief  difficulty  with  a  tramway  is  tlie  rail  joints. 
Though  the  plan  of  welding  is  very  attractive,  I  am  at  present 
sceptical  as  to  the  result.  I  have  long  advocated  a  double  tread 
mil,  and  car  wheels  with  centre  flange ;  and  I  am  glad  to  know 
the  plan  has  been  adopted  in  Buda-Pesth,  which  is  decidedly  the 
best  example  of  electric  tramways  I  am  acquainted  with.  The 
double  tread  lends  itself  to  easier  running  through  points  and 
crossings,  and  I  wish  to  show  you  a  construction  of  rail  that 
practically  gets  over  the  joint  difficulty,  and  lends  itself  vefy 
easily  to  efficient  bonding. 


Holroyd  Smith*8  Double  Head  Hail. 

You  will  see  by  this  model  (the  accompanying  figures  are 
from  a  photo  of  the  model)  that  the  rail  is  in  two  halves  of  like 
section,  easy  to  roll.     They  *'  brfeak  joint "'  midway  in  the  length 
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Mr.  stuiih  of  rail  i>eetion ;  and  a  centre  fish-plate  is  employed,  which  aliso 
acts  as  a  locking  plate*  Short  plates  of  same  section  are  placed  at 
every  tie-bar,  thereby  binding  the  whole  firmly  together. 

The  bonding  is  done  by  boring  a  hole  right  through  the  two 
webs,  inserting  a  thin  copper  pipe,  and  driWng  taper  plugs  into 
each  end,  or  a  copper  bolt  with  conical  head  and  nut  can  be 
employed.  These  "  bondings  "  can  be  put  in  at  frequent  or  long 
intervals,  as  the  demand  upon  the  conductivity  of  the  rail  as  a 
return  may  require.  There  are  other  advantages  of  this  type  of 
rail  that  will  be  apparent  to  those  accustomed  to  tramway 
construction.  I  have  avoided  on  the  present  occasion  making 
any  remarks  upon  the  motors,  gearing,  and  generating  plant,  and  I 
thank  you  for  having  allowed  me  to  occupy  so  much  of  your  time. 

The  President  announced  that  the  scrutineers  had  reported 
the  following  candidates  to  have  been  duly  elected : — 

Sir  Benjamin  Baker,  K.C.M.G.,  F.K.S. 
Associates: 


Charles  Edwards  Atkinson. 
William  Brown. 
Herbert  Ade  Clark. 
C.  J.  Evans, 
Arthur  H.  Gibson. 


Ernest  Mercer. 
John  Patrick  Mulholland. 
Heni*y  Stooke, 
Frederic  C.  Twemlow. 
Charles  Selby  Whitehead. 


Stwle)xis : 


Arthur  Verden  Anderson. 
Ernest  R.  Cook.- 
Francis  Edward  Davies. 
Sydney    Edward    Thacker 

Ewing. 
David  J.  Gadsby. 
Charles  D.  Le  Maistre, 


Charles  Henry  Marshall. 
Arthur  du  Pasquier. 
George  W.  D.  Ricks. 
Robert  Johnstone  Scott. 
Benjamin  Thomas  Squibb. 
John  Walton  Ward. 
Edmund  Basil  Wedmore. 


The  President  :  The  next  meeting  will  be  our  Annual 
General  Meeting ;  and,  if  time  permits,  the  discussion  of  these 
three  papers  will  be  continued. 

The  meeting  then  adjoiumed. 
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The  Twenty-third  Annual  General  Meeting  of  the  Institution  was 
held  at  the  Institution  of  Civil  Engineers,  25,  Great  George 
Street,  Westminster,  on  Thursday  evening,  December  13th, 
1 894 — Mr.  Alexander  Siemens,  President,  in  the  Chair. 

The  minutes  of  the  Ordinary  General  Meeting  held  on 
November  22nd,  1894,  were  read  and  approved. 

The  names  of  new  candidates  for  election  into  tl  e  Institution 
were  announced  and  ordered  to  be  suspended. 

Donations  to  the  I^ibrary  were  announced  as  having  been 
received  since  the  last  meeting  from  Mr.  R.  W.  Blackwell, 
Foreign  Member,  and  Mr.  Albion  T.  Snell,  Member;  to  whom 
Jthe  thanks  of  the  meeting  were  duly  accorded. 

Messrs.  G.  P.  Simpson,  M.  Holroyd  Smith,  C.  P.  Sparks,  and 
F.  li.  Connell  were  appointed  scrutineers  of  the  ballot. 

The  President  :  I  will  now  call  upon  the  Secretary  to  read 
tlie  Annual  Report  of  the  Council. 

The  Secretary  then  read  the  Annual  Report  of  the  Council, 
as  follows : — 

REPORT  OF  THE  COUNCIL  TO  THE  ANNUAL  GENERAL 
MEETING,  13th  DECEMBER,  1894. 

Eleci'ions  and  Transfers. 

The  increase  in  the  numbers  of  members  since  the  last  Annual 
General  Meeting  is  very  satisfactory. 

Inclusive  of  the  candidates  to  be  balloted  for  this  evening,  14 
Foreign  Members,  l.S  Members,  145  Associates,  and  123  Students, 
making  a  total  of  295,  will  have  been  added  to  the  register  during 
the  year;  and  29  candidates  have  already  been  approved  for  ballot 
at  the  first  meeting  next  month. 

24  Associates  have  been  transferred  to  the  class  of  Members, 
80  Students  to  the  class  of  Associates,  and  1  Student  to  the  class 
of  Foreign  Members. 
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Deaths  and  Resionation6. 

Our  losses  by  death  have  fortunately  been  considerably  below 
the  average,  amounting  this  year  only  to  9.  We  have  lost  4 
Foreign  Membet^a — Mr.  Nagayaraa,  of  the  Japanese  Government 
Telegraph  Department;  Mr.  Tomas  Taylor,  of  Bilbao;  Mr.  G.  B. 
Prescott,  at  one  time  electrician  to  the  Western  Union  Company, 
and  who  was  the  author  of  several  works  on  telegraphy  and  other 
bmnches  of  electrical  engineering ;  and  Dr.  K,  E.  Zetzsohe, 
formerly  telegraph  engineer  to  tlie  German  Postal  Service,  and 
for  many  years  editor  of  the  Elektrolechni^che  Zeitschrift; — 1 
Member — Colonel  R.  Y.  Armstrong,  R.E.,  to  whom  special  refer- 
ence was  made  by  your  President  at  the  last  meeting; — 3 
Associates — Messrs.  R.  H.  Hanison,  Burton  Brown,  and  3.  M. 
Hancocks ; — ^and  1  Stud^itt — ifr.  John  Venner. 

Five  Foreign  Members,  10  Members,  18  Associates,  and  12 
Students  have  resigned  during  the  year. 

1*APBR». 

Besides  the  valuable  Address  of  the  President,  the  following 
papers  have  been  read  during  the  year  :— 

Date.  Title.  Author. 

Jan.  25. — Notes  of  a  Trip  to  the  United  Suites  and  to 

Chlcigo W.     H.     Pmbov,     Pai«- 

Preaident 
Feb.    S. — Some  Notes  on  the  Electric  Lighting  of  the 

City  of  London     ...        ., General   C.   E.  Wi^ber. 

Past-President 
,,    22.— On  a  Method  of   Testing  the   Magnetic 

Qualities  of  Iron  ...        / Gi»hert    Kapp,    Member 

of  CooncU. 
Mar.    8,— On  Parallel  Working,  with  Special  Refer- 
ence to  Long  Lines  W.  M.  MoRDsr,  Member 

of  Conncil. 
»,    20. — A  Universal  Shunt  Box  for  Galvanometers    Profenor   Atbton,    Past*- 

Ppesidant,     and     T. 
Mathbb,  Associate. 
u    29  —The  Best    Resistance    for   the    Receiving 

Instrument  on  a  Leaky  Telegraph  Line    Professor  Ayrton  and  C. 

a  Wbitbhbao,  M.  a. 
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Datk.                                     Title.  Author. 
April  12. — Transparent  Conducting  Screens  for  Elec- 
tric and  other  Apparatnn Professor  Atrton  and  T. 

MATBSa. 

.,    2<>.— Oostof  Electrie  Ett«rgT      R.    B.    CROMrroir,  Vice- 
President. 
Notes  on  Electric  Tramways  in  the  United  States  and 

Canada  (published,  but  not  read)         ...     H.       D.      Wilkiksox, 

Member. 
Xor.    8. —Do.        io,        (Snpplepnentwr}' Paper)    ...     II.       IX      Wilkixsoity 

Member. 
„      8. — Electric  Traction,  with  Special  Reference  to 

the  Installation  of  Elevated  Conductors    R. W.Blackwbll,  Foreign 

Member,  and  P.  Daw- 
802T,  AMOoiste. 
^    22.— Electrical  Steep-Qrade  Traction  in  Europe    Dr.     C.    H.     Du    Riou£ 

Prbller,  Member. 


Annual  Premiums. 

The  Council  have  awarded  the  Salomons  Scholarship  (value 
^50)  for  this  year  to  Mr.  Edwaid  Ernest  Hoadley,  a  student  of 
the  City  and  Guilds  of  London  Technical  College,  Finsbury. 

Only  one  of  the  papers  read  during  the  session  1893-94 — viz., 
"  Notes  on  Electric  IVamways  in  the  United  States  and  Canada," 
by  Mr.  H.  D.  Wilkinson,  Member — is  eligible  for  a  premium,  all 
the  others  being  by  Members  of  Council;  but  the  Council  consider 
that  \)aiier  tally  deserving  of  reeognition  as  containing  a  large 
amount  of  useful  information  collected  at  considerable  trouble, 
and  they  have  therefore  awarded  the  Institution  Premium,  value 
£10,  to  Mr.  Wilkinson. 

The  Students'  Premium  of  £3  3s.  for  the  session  1893-^94  i« 
awardetl  to  Mr.  G.  C.  Allingham  for  his  \y8qm  on  **  Secondary 
"  Batteries ; "  and  the  Council  desire  to  make  honourable  men- 
tion of  the  two  following  papers,  viz.  : — *'  Notes  on  Altemate- 
" Current  Transformers,"  by  A.  F.  Berry,  and  "The  Construction 
•'of  Kesistanees,''  by  D.  K.  Morris. 

The  Council  are  glad  of  this  opportunity  of  reporting  that  a 
great  improvement  has  taken  place  in  regard  to  the  papers  read 
at  the  Students'  meetings. 
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WiLLANs  Memorial  Premium. 

The  subscribers  to  a  fund  for  commemorating  the  memory  of 
the  late  Mr.  P.  W.  Willans  in  connection  with  the  branch  of 
engineering  in  which  he  so  greatly  distinguished  himself,  have 
requested  this  Institution  and  the  Institution  of  Mechanical 
Engineers  to  become  joint  trustees  of  the  fund,  the  interest  of 
which  it  is  proposed  to  devote  to  the  establishment  of  a  premium 
to  b6  called  the  "Willans  Premium,"  and  to  be  awarded 
alternately  by  the  Councils  of  the  two  Institutions  every  third 
year. 

Your  Council  have  assented  on  behalf  of  this  Institution  to 
the  request  of  the  subscribers,  and  the  Council  of  the  Institution 
of  Mechanical  Engineers  have  done  likewise.  A  committee  has 
been  appointed  by  each  of  the  two  Councils,  and  those  com- 
mittees are  jointly  considering  and  settling  all  necessary  details^ 
which  will  be  in  due  course  made  known.  In  the  meantime,  it 
may  be  stated  that  the  first  award  will  be  in  December,  1897,  and 
will  be  made  by  the  Institution  of  Electrical  Engineers. 

Annual  Conversazione. 

The  Conversazione  was  held  at  the  Boyal  Institute  of  Painters 
in  Water  Colours  on  the  Slst  May.  the  attendance  being  again 
very  large. 

The  Council  last  year  considered  it  would  be  just,  looking  to 
the  progressive  increase  in  the  expense  of  the  President's  Annual 
Conversazione,  to  enlarge  the  Institution's  contribution  towards 
the  cost  of  that  entertainment,  and  they  this  year  came  to  the 
conclusion  that  for  many  reasons  it  was  desirable  that  the  whole 
of  the  expense  should  be  borne  by  the  Institution  now  tliat  its 
funds  tan  well  afford  the  charge. 

Annual  Dinner. 

The  sixth  Annual  Dinner  of  the  Institution,  which  took  place 
on  the  2l8t  November,  was  held  at  the  Freemasons*  Tavern,  and 
the  attendance  was  considerably  larger  than  last  year.  By  the 
kindness  of  some  of  our  members,  means  were  afforded  to  the 
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iiuiDager  of  the  Freemasons'   Tavern   for  having  the  principal 
part  of  the  dinner  cooked  by  electricity. 

Building  Fund. 

In  accordance  with  the  proposal  put  forth  in  the  last  Annual 
Heport,  and  which  appeared  to  give  general  satisfaction  to  the 
members  then  present,  the  Council  have  transferred  the  sum  of 
£3,000  from  the  "General  Investment  Fund"  to  a  "Building 
"  Fund,"  and  they  have  every  reason  to  hope  that  they  will  find 
themselves  able  to  increase  that  amoimt   substantially  each  year. 

Board  of  Trade. 

The  Council  have  again  had  the  satisfaction  of  lieiug  invit^nl 
by  the  Board  of  Trade  to  make  suggestions  in  reference  to 
important  mattcors  connected  with  the  supply  of  electrical  energy 
for  the  purposes  of  traction,  and  also  in  regard  to  light  railways.  • 

Financial  PosmoN. 

The  financial  position  of  the  Institution  continues  to  be 
satisfactory,  and  there  is  every  reason  to  expect  that  the  accounts 
at  the  end  of  the  year  will  show  a  considerable  surplus. 

During  the  year  the  further  sum  of  £204  16s.  6d.  has  been 
invested  on  account  of  Life  Compositions,  and  £1,010  3s.  6d.  on 
aci-ount  of  the  "  General  Investment  Fund.'' 


THE  LIBRARY. 
REPORT  OF  THE  SECRETARY. 

I  beg  to  report  that  the  accessions  to  the  library  during  tlie 
year  number  56 ;  of  these,  2  were  purchased,  the  remainder 
having  been  liberally  presented  either  by  the  authors  or  the 
publishers. 

The  specifications  of  all  electrical  patents  continue  to  be 
.supplied  to  the  Institution,  by  the  kindness  of  H.M.  C'Om- 
niissioners  of  Patents. 

The  number  of  patents  applied  for  this  year,  up  to  November 
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2m,li,  WHS  22.842,  of  wlneh  1,203,  or  5-26  yier  cent.,  were 
electrical.* 

The  eorrespoiuiing  iminl)ers  las^  year  were  22,684  and  1,185, 
or  o*22  i)er  cent. 

Thf^  number  of  i>eiiodicals  and  printed  proceedings  of  other 
Societies  receiv^nl  regularly  is,  with  some  few  exceptions,  the  same 
as  last  year,  as  may  be  seen  by  the  list  appended  hereto. 

The  number  of  visitors  to  the  Library  to  the  end  of 
November  has  been  712,  of  whom  120  were  non*members,t 

The   corre8[H»iMling   numbers  last    year   were    645   and   106 

respect  ivelv. 

F.  H.  WEBB, 

•  8ecrti(n*y. 

APPEXDIX  TO  ^KCRETARra  REPORT. 

TUANSACTIONS.  PliOCKEDINGg/  &t .,  RECEIVED  BY   HIE 
INbTITUTIDN. 

ENGIOSH. 

Asiatic  Society  of  Bengal.  Journal  an«l  I'nxcetliugs. 
Greenwich  Magnetical  and  Meteorological  ObBerrations. 
Institute  of  Patent  Agents,  Transactions. 
Institution  of  Civil  Engineer^.  Proceedingi*. 
Institution  of  Mechanical  Engineers,  Proceedings. 
Iron  and  Steel  Institute,  Proceedings. 
King's  College  Calendar. 
Liverpool  Engineering  Society,  Proceedings. 
PhvKical  Society,  Proceedings. 
Koyal  Duhlin  Society,  Transactions  nnd  Proceedings. 
Royal  Engineers*  Institute.  Proceedings. 
Royal  Institution,  Proceedings. 
Royal  Meteorological  Sooiety,  Proceedings. 
Royal  Society.     Proceedings  of, 
JRovhI  Society.     Philosophical  Transactions  of, 
Boyal  United  Service  Institution,  I^roceedings. 
Society  of  Arts,  JonrnaL 
Society  of  Chemical  Industry,  Journal. 
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ifilectro-Techniqne  Montetiore. 
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L*6lectricieiK 
L'lndustrie  I^lectriqne. 
Journal  de  Physiqne. 
Journal  Tclegraphique. 

GERKAM. 

Annalen  der  Physik  und  Chemie. 

Beibliitter  zu  den  Annalen  dcr  Physik  nnd  Chemie. 

Electrotcchnischer  Anzeiger. 

Elect rotechnische  Zeitschrift. 
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Zeitschrift  fiir  Elektrotechnik. 

Zeitschrift  fiir  Instrumentknnde. 

The  President:  I  have  much  pleasure  in  moving  tliat  the 
Report  of  the  Council,  and  the  Report  of  the  Secretary  with 
regard  to  the  Library,  as  just  read,  be  received  and  adopted,  and 
that  they  be  printed  in  the  Proceedings  of  the  Institution.  I  have 
but  little  to  add,  and  I  hops  you  will  find  that  the  Report  is 
satisfactory,  as  it  again  shows  a  material  progress  in  our 
Institution. 

Mr.  Ferranti  seconded  the  motion,  which  was  unanimously 
carried. 

Professor  Hu(iHES:  Gentlemen, —  I  have  a  very  pleasing 
duty  to  perform  this  evening,  viz.,  to  propose  a  vote  of  thanks 
to  the  President,  Council,  and  Members  of  the  Institution  of 
Civil  Engineers.  I  think  every  one  of  us  must  feel  deeply 
<]prateful  to  that  Institution  for  all  that  they  have  done  for  us. 
Without  them  we  should  perhaps  never  have  been  in  existence, 
and  if  we  had  been  in  existence  it  would  have  been  as  a  very 
small  Society  indeed.  It  is  due  to  their  kind  encouragement 
and  aid  that  we  have  grown  to  be  almost  giants  in  size.  They 
have  not  only  encouraged  us  by  lending  us  this  hall,  but  they 
have  instructed  us  and  acquainted  us  with  their  mode  of 
proceeding,  so  that  we  have  been  able  to  follow  in  their  footsteps 
as  far  as  practicable.  We  feel  also  grateful  to  them  for  their 
kindness  in  many  other  ways.  I  have  great  pleasure  in  moving — 
'*  That  the  members  of  this  Institution  desire  cordially  to  thank 
*'  the  President,  Council,  and  Members  of  the  Institution  of  Civil 
"  Engineers  for  their  kindness  and  liberality  in  continuing  to 
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'•  grant  the  use  of  their  lecture  Hall  for  the  meetings  of  this 
*•  Institution." 

Mr.  J.  F.  Albright  :  I  have  very  much  pleasure  in  seconding 
the  motion. 

The  President:  In  putting  tiiis  motion  to  the  meeting,  I 
should  like  to  say  one  word.  You  must  all  be  aware  that  the 
loan  of  this  hall  at  the  present  time,  while  the  main  building  is 
being  reconstructed,  entails  a  great  deal  of  trouble  upon  the 
servants  of  the  Institution,  for,  they  have  to  come  over  on  the 
occasion  of  each  meeting  from  No.  9,  where  the  Institution  of 
Civil  Engineers  are  temporarily  located.  There  is  no  one  living 
on  these  premises  now,  but,  nevertheless,  the  Institution  of  Civil 
Engineers  are  extending  their  hospitality  to  us  without  any 
diminution  whatever. 

The  motion  was  carried  by  acclamation. 

Sir  Henry  Mance  :  We  have  had  a  very  satisfactory  report  of 
a  very  prosperous  year  read  to  us  this  evening,  and  I  think  we 
ought  not  to  forget  the  usual  vote  of  thanks  to  the  gentlemen 
who  to  a  great  extent  have  contributed  towards  it,  namely,  the 
Local  Honorary  Secretaries  and  IVeasurers.  I  may  say  myself, 
as  an  old  Indian  member,  that  I  am  very  well  aware  of  the  great 
amount  of  trouble  which  is  taken  by  the  foreign  Secretaries  in 
looking  after  the  interests  of  this  Institution  and  maintaining  a 
friendly  interest  in  our  proceedings.  It  is  not  always  easy  to  get 
foreign  Secretaries,  and  therefore  I  have  much  pleasure  in 
moving — '*That  the  thanks  of  the  Institution  are  due  to  the 
*^  Local  Honorary  Secretaries  and  Treasurers  for  their  kind 
^<  services  during  tlie  past  year.^ 

Mr,  BiCHARD  Aylmer  seconded  the  motion,  which  was 
carried  unanimously. 

Mr,  Crompton:  I  have  to  move — "That  the  best  thanks 
•"of  this  Institution  are  due  to  your  Honorary  Treasurer,  Sir 
^*  David  Salomons."  This  Institution  has  grown  to  be  a  young 
giant,  as  has  been  very  aptly  said  just  now.  The  care  of  your 
funds  has  become  a  very  important  matter,  especially  as  regards 
our  investments,  and  the  watching  of  their  growth  and  encourag- 
ing them  by  every  {lossible  means.     I  need  not  remind  you  that 
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Sir  David  Salomons  has  «i)ent  infinite  caie  and  trouble  on  your 
behalf,  and  that  he  has  many  projects  very  near  his  heart  for  your 
l)enefit,  one  of  them  being  the  idea  of  this  Building  Fund,  which 
I  hope  at  some  not  distant  date  will  put  us  in  possession  of 
a  building  of  our  own. 

Mr.    J.    X.    Shoolbred   seconded    the    motion,   which    was 
unanimously  carried. 

Sir  David  Salomons:  Mr.  President,  Mr.  Crompton,  and 
gentlemen, — I  thank  you  heartily  for  your  kind  vote  of  thanki*. 
If  I  am  anything,  I  am  an  enthusiast  in  all  I  take  up ;  arid 
although  you  have  not  always  seen  me  upstairs  in  this  room, 
T  can  fiiithfiilly  say  that  there  has  scarcely  been  a. Council 
meeting  for  the  many  years  I  have  been  serving  your  interests 
from  which  I  have  been  absent.  At  the  start  of  this  Institu- 
tion in  1871  I  was  not  a  member,  but  I  joined  very  soon 
afterwards,  when  the  members  numbered  very  little  over  600. 
On  the  1st  of  January  this  year  you  had  2^16  names  on  your 
books.  At  this  moment  probably  we  number  2,500.  But  more 
than  that,  the  size  of  the  members'  roll  is  less  important  than  the 
fact  that  you  have  drawn  into  your  ranks  the  greatest  men  of 
science  and  engineers  of  this  land,  as  well  as  the  leading  men 
of  foreign  countries,  which  proves  that  this  Institution  is  a  power 
on  the  globe ;  and  the  circumstance  is  one  we  must  congratulate 
ourselves  upon,  although  it  is  ourselves  that  we  congratulate, 
^'our  surplus,  instead  of  being  what  I  described  some  years  Bgo, 
a  surplus  amounting  to  a  sum  of  £200,  which  an  acoonntant 
would  show  consisted  of  fumitme,  to-day  consists  of  over  £1,000 
a  year  in  solid  cash — furniture  out  of  the  question.  Since  our 
prosperity  increases  from  year  to  year,  we  have  started  a  Building 
Fund,  which  I  trust  you  will  directly  make  into  a  permanent 
Building  Fund,  in  order  that  the  members  of  this  Institution  may 
show  their  generosity  in  giving  considerable  sums  towards  it. 
We  should  out  of  twir  surplus  jyrovide  every  year  a  sum  which 
in  10  or  20  years  would  enable  us  to  obtain  a  building  as  good 
as  this  one  for  our  Institution,  should  such  a  course  become 
accessary.  This  has  always  been  my  ambition,  and  I  hope  it 
will   come  true.     It   is   said  in   England  that   foreigners  —  the 
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Freach  and  Germaos  in  ijaiiicular — are  exceedingly  thrifty  and 
jjcovident.  We  have  started  a  Benevolent  Fund,  irhieh  has  not 
been  so  largely  patronised  as  it  ought  to  have  been ;  and  I 
trust  you  will  redeem  the  English  character  by  showing  that  you 
will  in  times  of  prosperity  help  that  fund,  so  that  in  times  of 
depression  members  who  are  imfortunate  will  derive  benefit  from 
it,     I  trust  that  you  will  remember  these  words. 

Mr.  K.  K.  Gray:  Gentlemen, — I  have  much  pleasure  in 
proposing — "That  the  best  thanks  of  the  Institution  be  accorded 
"  to  the  Honorary  Auditors.*'  We  have  heard  what  ^Ir.  Crompt^n 
and  Sir  David  Salomons  have  said  as  to  the  onerous  duties  of  the 
Treasurer,  and  we  must  remember  that  the  Honorary  Auditors 
have  also  important  duties  to  jierform.  I  have  great  pleasure  in 
moving — "That  the  l)est  tlianks  of  the  institution  be  i)re8ented 
"  to  the  Honorary  Auditors,  Messrs.  F.  C.  Danvers  and  Aiit^^ustus 
"Stroh,  for  their  services  durioo  the  past  year." 

Mr.  J.  L.  Ovens  seconded  the  motion,  which  was  agreed  to. 

Mr.  MoRDEY:  Anyone  who  has  received — as  I  did  this 
morning — a  solicitor's  bill  will  understand  how  feelingly  I  can 
move  the  following  resolution,  viz.: — **  That  the  best  thanks  of  the 
*•  Institution  are  due  to  Messrs.  Wilson,  Bristows,  &  Carpmael  for 
*•  their  kind  services  as  Honorary  Solicitors  during  the  past 
"  year." 

Mr.  W.  K.  Rawlings  seconded  the  motion,  which  was 
unanimously  agreed  to. 

Mr.  G.  li.  Bristow:  Mr.  President  and  gentlemen, — I  feel 
exceedingly  obliged  to  you,  on  behalf  of  myself  and  my  partners, 
for  the  very  kind  resolution  which  you  have  paseed.  It  has 
always  been  a  pleasure  to  me  to  be  associated  and  to  have 
anything  to  do  with  this  Ini'titution,  especially  when  I  hear  it  is 
in  so  floniishing  a  condition.  One  always  likes  to  be  associated 
with  success.  It  has  really  not  been  very  much  trouble  to  me; 
but  if  I  have  been  able  to  render  any  senice  I  have  been 
exceedingly  glad,  and  shall  l>e  equally  glad  to  do  so  in  the  future. 
I  recollect  that  when  I  first  came  to  London — I  think  in  the  year 
1850  or  1851 — my  late  partner,  Mr.  Wilson,  was  then  very 
actively  engaged    in    supporting    the    Cooke    and    Wheatstone 
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j>ateiits  in  Court.  Those  patents^  I  believe,  shared  the  same  fate 
as  others  in  that*  respect — that  they  had  to  establish  themselves 
before  the  Judicature  of  our  land ;  and  I  think  that  ever  since 
then  I  have  been  more  or  less  closely  associated  with  electrical 
matters,  without,  of  course,  knowing  very  much  about  their 
scientific  features,  I  can  assure  you  that  it  is  always  a  great 
])leasure  to  me  to  act  for  you. 

The    adjourned    discussion    on    the    papers   by   Mr.   H.    D. 
Wilkinson,  Messrs.  Blackwell  and   Dawson,  and   Dr.  Du   Riche 
Preller  was  then  resumed. 
Mr.  Mr.  Foley  Robinsox  :   The  excellent  papers  we  have  heanl 

read  leave  an  impression  that  elevated  conductor  work  has 
arrived  at  a  high  state  of  perfection,  and  but  little  room  for 
improvement  is  left  in  regard  to  frogs,  crossings,  insulators, 
and  trolleys.  When,  however,  rail-bonding  is  touched  uj>on, 
varied,  and  in  most  cases  unsatisfactory,  are  the  contrivances 
brought  before  us.  I  allude  to  the  lack  of  due  proportion 
between  contact  surface  with  rail  and  sectional  area  of  con- 
ductor. This  deficiency  having  already  been  dwelt  upon  at 
some  length  early  in  the  discussion,  I  will  draw  your  attention 
to  a  new  form  of  bond,  which  I  think  you  will  allow  ix)ssesses 
a  certain  amount  of  merit,  and  drawings  of  which  I  have  placed 
upon  the  wall.     Vou  will  see  that  the  bond  has  tubular  terminals, 

which  are  expanded  in  the 
ordinary  way  adopted  by  boiler- 
makers  for  expanding  their 
tubes  into  position.  Briefly,  the 
conductor  is  made  with  large 
tubular  terminals,  which  are 
expanded  into  holes  in  the  rail 
webs.  Mr.  Yarrow,  of  torpedo 
)x)at  fame,  found  by  experiment 
that  the  tubes  so  treated,  if 
they  were  free,  would  become 
slightly  larger,  and  the  holes, 
if  free,  would  become  slightly  smaller — in  short,  that  the 
Bur&ces   in   contact  were   forcibly  pressing   each   other.     I   aju 
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aware  that  taper  plugs  may  be  used  to  obtain  a  similar  effect,  Mr. 
but  the  cost  of  the  large  sizes  would  be  prohibitory.      Unless 
carefully  made  they  would  be  most  unsatisfactory,  bearing  and 
causing  pressure  only  on  a  few  points.  .  In  conclusion,  no  fear,  I 
think,  need  be   entertained  that  heavy  girder  rails  would  be 


materially  weakened  by  large  holes  near  the  neutral  axis.  I 
have  only  ventured  to  make  these  few  remark*  because  the 
rail-bond  seems  to  have  been  in  the  past  (what  I  hope  it  will 
not  be  in  the  future)  rather  an  unhealthy  vital  organ  in  the 
overhead  system. 

Mr.  ¥.  B.  Lea  :  I  am  glad  of  this  opportunity  to  make  a  few  Mr.  r^e*. 
comments  on  electrical  rack  railways  in  general,  and  also  to  offer 
one  or  two  suggestions  with  regard  to  points  arising  on  that 
subject  as  now  brought  forward,  which  may  be  thought  worthy  of 
consideration  in  Dr.  Preller's  reply.  In  the  first  place,  I  think  he 
will  confer  an  undoubted  benefit  upon  us  if  he  would  give  exact 
particulars  with  regard  to  the  great  saving  which  he  claims  for 
the  use  of  electrical  rack  lines  as  compared  with  those  operated 
by  steam.  Of  course,  as  electrical  engineers,  we  are  all  prepared, 
not  only  to  admit,  but  also  to  advocate  a  very  great  economy  in 
the  use  of  electrical  energy  in  any  traction  method ;  but  at  the 
outset  it  seems  to  be  a  Kttle  unwise  to  claim  too  much,  or  try  to 
prove  too  favourable  a  case.  As  I  understand  it,  the  difficulty 
liitherto  has  been  in  finding  two  really  similar  lines  which  may  be 
at  all  adequately  compared  as  regiirds  the  two  methods.  In  the 
second  place,  I  should  be  glad  if  he  can  give  the  cost  of  motor 
repairs  on  the  Barmen  line,  which  is  one  of  those  he  mentioned  as 
being  worked  by  electricity.  One  would  be  inclined  to  think  off- 
hand that  this  item  must  be  rather  a  heavy  one,  owing  to  the 
fact  that  the  Barmen  road  is  built  on  the  plain  step-ladder  rack 
principle.    The  incessant  jolting  and  jarring  to  the  motors  and 
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gear  would,  I  think,  involve  a  gref\t  many  loose  connections,  and 
also  some  amount  of  what  the  Americans  call  "  throwing  solder  " 
»t  the  commutator  joints,  especially  when  the  motors  get  at  all 
hot  through  excessive  current  or  long,  use.,  I  do  not,  of  course, 
allude  to  the  jolting  due  to  the  unevenness  of  the  roadway,  but 
that  caused  by  the  load  partly  coming  on  and  going  oflf  as  each 
tooth  of  the  engine  pinion  engages  and  disengages  with  the  Une 
tack.  There  are  other  rack  railways  which  seem  to  be  of  slightly 
better  design,  because  not  only  the  engine  pinion  teeth,  but  al«o 
/those  on  the  Une  rack,  are  staggered  with  respect  to  one  another, 
and  therefore  they  maintain  continuous  tooth  contact  throughout 
the  whole  of  each  revolution.  With  regard  to  the  general  subject, 
it  will  be  evident  to  all  those  who  have  heard  Dr.  Preller's  able 
and  interesting  paper  that  lie  has  confined  his  attention  entirely 
to  what  may  be  called  isolated  or  independent  lines — that  is,  to 
those  lines  which  have  no  immediate  or  material  connection  with 
adjacent  systems.  They  all  seem  to  be  designed  and  built  for  a 
purpose  like  that  of  the  famous  Duke  of  York,  and  without  any 
ulterior  motive^ — ^that  is,  simply  for  marching  up  a  hill  and 
matching  down  again.  It  must  be  remembered  that  the  field  for 
electrical  rack  railways  covers  far  more  ground  than  that  occupied 
merely  by  these  isolated  lines.  At  the  present  moment  there  are 
on  the  Continent  and  elsewhere  a  large  number  of  rack  railways 
on  main  or  continuous  trunk  lines  traversing  mountainous 
districts,  and  as  regards  some  of  these  Dr..  Preller  himself  has 
given  some  very  good  descriptiros  in  the  technical  Press.  These 
lines^  so  fer,  have  been  operated  by  ^steam  locomotives  of  a 
combination  type.  Each  engine  has  a  double  set  of  cylinders* 
One  set  actuates  the  ordinary  adhesion  wheel  system  in  the  usual 
way,  and  the  other  set  is  brought  into  use  additionally  on  the 
rack  system  for  working  the  engine  pinions.  Steep^grade 
systems  of  this  tyi>e  on  a  through  route  of  railway  or  tramway,  it 
is  admitted,  I  think,  eflEect  a  very  great  saving  both  in  capital 
charges  and  working  expenses,  and  their  advantages  in  tbi« 
direction  become  even  more  pronounced  when  electric  traction 
takes  the  place  of  steam*  It  is  quite  feasible  to  construct  electrk 
locoipotives    of   the    combination    tyi)e   suitable    for    rack  aod 
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adbesicm  work,  either  or  both,  as  the  case  may  be,  as  is  now  done,  iic  Lea. 
with  steam  engines.  With  regard  to  the  Barmen  line>  I  feel  sure 
tl^  it«  value  would  be  much  increased  if  it  were  materially 
connected  at  each  end  with  the  adjacent  tramway  systems,  so 
that  the  sam^  rolling  stock  might  travel  a  considerable  distance 
irresi)ective  of  the  traction  being  obtained  by  means  of  a  rack  or 
by  adhesion  in  the  usual  way.  It  in  greatly  to  be  hoped,  and  it 
can  almost  be  expected,  that  the  great  e^naions  soon  to  be 
made  in  this  country  in  the  direction  of  light  railways  and 
tramways  will  afford  numerous  instances  where  lines  of  this 
character  may  find  advantageous  employment  in  some  such  way 
as  I  have  sketched, 

*  Mr.  J.  H.  McGraw  :  I  thank  you  kindly  for  inviting  me  to  Mr.McOraw. 
speak,  bat  I  came  to  listen  to  the  discussion  rather  than  to  say  any-^ 
thing  mydelf.  I  am  sure,  as  has  been  said,  that  there  is  much  to  be 
learned  by  the  study  of  what  our  neighbours  are  doing  along  the 
same  line  of  work.  For  my  part,  I  am  indeed  glad  of  the  c^por-^ 
tunity  of  spending  a  few  weeks  on  this  side  of  the  water,  and 
of  learning  something  of  what  yon  are  doing  in  the  way  of  cable 
and  electric  traction.  Bapid  transit  with  us  lias  come  to  stay. 
It  is  a  feature  of  oar  daily  life.  We  have  made  much  progress 
during  the  past  few  years  m  both  caUe  and  electric  traction,  and, 
while  we  have  made  o(ur  mistakes,  and  have  been  compelled  in 
Aome  instances  to  rebnild  faulty  work^  the  nasults  on  the  whole 
nxe  highly  satisfactory,  and  we  may  say  most  truthfully  that^we 
al[^  vety  proud  of  oar  street  railways.  We  fe^l  very  sure  that 
England  will  soon  be  abreast  of  us  in  this  development,  and  will 
no  doubt  make  many  improvements  on  present  methods  and 
{iractioe,  which  will  help  to  make  tlie  tramway  interests  of 
En^aad  as  important  an  industry  as  it  is  with  us  in  America. 

I  have  not  had  the  pleasure  of  bearing  the  papers  which  aie 
under  oonsideratioo,  and  therefore  do  not  feel  competent  to 
diflooss  them.  I  will  take  thii  o(^xirtunity,  however,  of  inviting 
you  all  to  eomt  to  the  States  moA  see  for  yourselves  what  we  have 
done.  *  We  wiH  give  yon  a  royal  welcome,  and  every  o]^K>rtunity 
for  investigation,  to  the  fiiBert  extent.  The  next  Convention  of 
^he  Amencatt  Street  Railway  Associatoon^  will  be  held  at  Montreal 
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Mr.McGrAw.  in  October,  1895,  for  the  first  time  under  the  British  flag. 
Perhaps  you  can  make  it  convenient  to  come  at  that  time, 
making  a  tour  of  the  States,  and  ending  up  at  the  Montreal 
Convention. 

General  General  Webber:  We  are  all   grateful  to  the  last  speaker 

Webber.  o  i- 

for  the  very  kind  and  cordial  offer  which  he  has  made  to  the 
members  of  this  Institution,  and  we  hope  there  are  some  of  us 
present  who  will  be  ready  during  the  next  year  or  two  to  respond 
to  his  invitation.  From  our  experience  of  the  past  we  feel 
sure  that  all  he  tells  us,  not  only  as  to  the  welcome  we  shall 
receive,  but  the  interesting  information  we  shall  acquire,  will  be 
fully  borne  out. 

You,  Sir,  know  that  you  were  lately  delegated  by  this  Institu- 
tion to  attend  a  meeting  at  the  Board  of  Trade  on  the  subject  of 
light  railways,  and  I  had  the  honoiu'  of  being  joined  with  you  in 
that  delegation.  The  meeting  was  so  fully  reported  in  the  Press  * 
that  nothing  that  may  be  said  about  it  here  by  those  who  were 
present,  as  to  what  passed,  can  in  any  way  be  a  breach  of  oonfi* 
dence.  All  of  us  who  have  read  the  papers  during  the  previous 
three  weeks,  particularly  the  Ti^meSy  must  have  felt  that  one 
of  the  objects  of  that  meeting  was  to  promote  the  extension  of 
light  railways,  especially  with  a  view  of  assisting  agricultural 
industry  in  this  country,  which  those  who  have  to  do  with  it  know 
is  in  a  very  depressed  state,  and  to  enable  that  industry  to  com- 
pete with  the  great  influx  of  produce,  chiefly  for  domestic  use, 
which  is  going  on  from  the  Continent.  Those  who  are  well 
acquainted  with  what  is  going  on  in  Belgium,  Denmark,  France, 
and  Germany,  and  also  Spain,  will  know  that  these  railways 
which  have  been  built  are  very  largely  supported  by  carrying 
from  the  centres  of  production — that  is  to  say,  the  small  home« 
steads  and  homes  of  the  producers — ^the  very  produce  which  finds 
its  way  to  the  markets  in  London.  When  you  know  that,  I  am 
sure  you  cannot  help  feeling  that  the  consideration  of  those  who 
are  promoting  light  railways  must  be  turned  to  enable  our 
agriculturists  to  have  the  means  of  transport  not  merely  from 
centres,  but  almost  from  the  very  fields  and  from  the  homesteads 
where  the  produce  is  grown  or  gathered.    In  considering  this 


1894.]  DISCUSSION.  #M 

subject,  it  has  struck  me  that  electrical  engineers  have  a  condition  ^f''^ 
of  things  to  think  of  which  has  not  been  so  prominently  brought 
before  us  as  it  might  have  been.  If  light  railways  of  the  gauge  such 
as  suggests  itself  to  my  mind  as  suitable,  with  portable  branches 
which  can  be  laid  into  the  fields  and  homesteads  as  feeders  to  be 
worked  by  hand,  can  be  constructed,  it  is  quite  evident,  if  they  are 
to  be  used  along  roads  and  lines  of  communication  in  which  they 
are  to  be  of  real  assistance  to  agriculture,  there  will  perhaps  be 
not  more  than  two  trains  each  way  per  day.  I  do  not  know  how 
the  electrical  engineer  is  going  to  provide  a  locomotive  to  draw 
those  trains  economically  unless^  it  is  going  to  carry  its  own 
l>ower.  It  seems  to  me  that  you  cannot  expect  to  include  the 
cost  of  a  generating  station^  with  an  overhead  conductor,  for  a  line 
costing,  say,  a  total  of  £2,000  a  mile,  and  that  it  would  never  pay 
to  keep  your  generating  station  in  use  for  the  purpose  of  running 
three  or  four  trains  a  day.  I  cannot  help  thinking  that  here  we 
have  a  future  for  traction  by  storage ;  and  it  is  a  point  which  I 
believe  will,  if  studied  and  carefully  thought  out,  and  the  experi- 
ence that  we  have  already  gained  applied  (I  do  not  think  it  has 
been  at  all  fully  applied  as  yet),  enable  us  to  further  this  great 
object  of  being  able  to  take  trains  for  agricultural  purposes 
through  a  sparsely  populated  country  with  rare  traffic^  and  so  to 
bring  the  trucks  to  and  from  the  sidings  whence  will  branch  off  the 
short  feeding  portable  lines  whiph  must  necessarily  be  installed, 
and  necessarily  be  capable  of  use,  if  we  are  going  to  bring  the 
produce  of  the  country  cheaply  firom  the  points  of  production  to 
the  market.  This  consideration  has  pressed  itself  upon  me,  and  1 
liave  nothing  to  suggest  more  than  that  the  very  small  experience 
we  have  had  in  this  country  need  not  leave  us  hopeless  on  this 
Ijoint,  namely,  that  traction  with  storage  is  a  thing  which  must 
now  be  looked  to  for  further  (ievelopment^  ami  that  there  ii  a 
really  useful  and  profitablt^  field  in  tliat  direction  if  our  engineerti 
will  only  give  it  their  attention. 

Professor    Silvanum    Thomfkqx  :    I   do   nut    protxi^  la  udd  i*rae««ar 
anything  to  the  technicalitieH  of  the  diiitJUfCMfin  tif 
going  on,     I  join  my  thanks  to  the  autJior^  of  iht* ' 
for  the  very  valuable  informa(i<ni  that  th«;f^M^ 
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thin  Inetitatiom,  but  I  rise  to  speak  very  iimch  more  in  the  strain 
of  my  friend  Greneral  Webber.  I  am  one  of  those  who  have  had 
the  advantage  of  seeing  what  lias  been  done  on  the  other  side  of 
the  Atlantic.  Going  over  last  autumn,  I  remembered  very  well 
from  my  previous  visit  of  nine  years  before  what  an  unpleasant 
effect  was  produced  on  the  mind  of  the  average  Britisher  by  the 
arrangements  of  overhead  wires  and  cables  tliat  at  that  time 
disgraced  some  of  the  American  cities*  Knowing  that  I  had  to 
now  see  something  fiu^her — the  trolley  work,  the  overhead  wires, 
the  works  that  had  sprung  up  in  connection  with  tram-<»rs — I 
expected  that  the  feelings  of  disgust  that  I  bad  experienced  nine 
years  before  would  recur  with  some  intensity.  However,  I  came 
home  with  very  different  idea^t^  because  our  American  cousintt 
have  amended  their  ways  a  great  deal  in  the  matter  of  overhead 
wire^  ;  they  do  not  have  quite  the  same  ramshaekle  arrangements 
of  telephone  wires  as  formerly,  and  their  electric  lighting  wires 
are  very  much  improved,  and  in  many  cases  laid  underground. 
As  one  wlio  objects  very  much  to  all  these  networks  of  overheAid 
wire8,  I  am  bound  to  say  I  came  back  with  this  strong  impreroion 
— ^that  of  all  the  different  kinds  of  overhead  wires  one  may  see 
either  in  America  or  in  this  country,  the  overhead  construction 
which  least  disfigures  the  landscapes  is  that  of  the  modem  trolley 
line  for  tram-car  traction.  Having  made  that  statement,  I  would 
like  to  say  that  I  think  not  even  our  American  cousins  have  entirely 
realised  the  importance  of  what  they  have  done  in  constructing  so 
many  hundreds  and  thousands  of  miles  of  light  rails  carrying 
electric  tram-cars  from  their  centres  of  }X)pulalion  and  industry 
into  the  surrounding  districts — I  mean  they  have  not  reaKsed  the 
importance  of  this  tiling;  to  themselves  as  a  social  factor.  Any- 
one who  visits,  for  example,  Pittsburgh  now,  and  who  knew 
what  Pittsburgh  was  10  years  ago,  will  see  that  already  the  ra|>id 
transit  from  the  centre  of  a  thickly  iKjpulated  town  to  the  out- 
lying districts  has  had  a  distinct  social  effect.  The  workmen, 
instead  of  crowding  into  barracks  and  tenements  in  a  densely 
poi)ulated  street,  will  to  a  much  larger  extent  than  l^efore  live  in 
little  workmen's  villas,  each  standing  in  its  own  se2)arate  plot  of 
ground,  two  or  three  miles  away  from  the  centre,  where  life  is 
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more  healthy,  and  the  children  happier,  arid  where  true  oiviliaation  Pnytemot 

■  .  Thompson. 

is  mttch  more  possible.  We  are  returning  in  some  respects  to  the 
more  primitive  civilisation  of  the  village,  in  lieu  of  the  desperate 
decivilisation  of  the  densely  populated  town.  This  is  due  very 
largely  to  the  fact  that  cheap  and  rapid  traction  is  possible  by 
ttieans  of  electricity.  Several  other  facts  struck  me  in  the  socieil 
bearing  of  rapid  electric  traction,  namely,  that  a  great  j>art  cf 
the  lines  that  are  spread  out  from  town  to  town  and  from 
village  to  village  across  the  State  of  New  Jersey  haVe  been  built 
by  money  found,  I  am  told,  very  largely  from  two  sources — the 
insurance  companies  of  New  York  and  Philadelphia,  and  the 
Pennsylvania  Railroad.  These  two  facts  are  very  siiriking.  If 
there  is  one  body  that  looks  out  for  a  sound  sort  of  investment,  i 
suppose  it  is  an  insurance  company ;  afid  if  there  is  oojc  body 
whose  investments  are  entitled  to  be  regarded  with  respect,  they 
are  the  investments  of  a  railway  company.  Why  should  it  pay 
any  railway  company  like  the  Pennsylvania  Railroad  to  promote 
tram-car  transit  by  means  of  electricity  ?  Simply  because  of  this 
— and  our  own  great  railway  companies  in  England  will  find  it 
out^ — that  it  is  a  distinct  gain  to  clear  out  the  local  traffic  near 
the  terminus  stations  and  allow  main  through  traffic  a  freer 
courte*  We  shall  find  it  an  important  &ctor  here  if  we  can  have 
electric  lines  running  out  from  our  terminus  stations  a  few  miles; 
into  the  country,  feeding  the  traffic  at  the  terminus  stations,  so 
that  the  local  traffic  that  chokes  the  main  lines  will  he  proportion- 
ately lightened.  Further  than  that,  we  shall  have  the  public 
very  much  better  satisfied  with  the  service  they  get  between  their 
homes  and  the  populous  centres  where  they  resort  in  the  day- 
time. There  are  many  railway  lines,  no  doubt,  in  this  country — 
9mall  branch  lines  off  the  main  lineis — which  at  the  present  time 
are  worked  by  large  railway  companies  at  a  disadvantage.  Small 
lines  are  often  built  as  a  speculation,  and,  not  having  paid,  have 
been  taken  over  in  despair  by  a  larger  company.  Those  lines  do 
not  pay  at  the  present  time  by  steam  traction,  but  they  would 
pay  by  electric  traction,  because,  as  Oreneral  Webber  remarked, 
where  it  would  not  pay  to  run  two  or  three  long  trains  a  day  it 
would  pay  to  send  one  car  every  hour,   or  every  half-hour,  by 
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electric  means.  Here  again  the  social  question  comes  in.  We 
want  our  civilisation  to  be  improved  and  aided  by  this  new  means 
of  traffic,  exactly  in  the  same  way  as  civilisation  has  been 
improved  and  aided  by  having  steam  traction  against  the  more 
primitive  methods  of  travelling.  This  raises,  however,  another 
question,  namely,  whether  it  is  not  advisable  to  keep  in  our 
electric  lines  to  the  well-recognised  gauge  used  for  our  railways, 
and  to  the  well-recognised  style  adopted  in  our  rolling  stock.  It 
would  be  much  better  in  all  future  schemes  to  consider  the 
adoption  of  a  common  gauge  for  electric,  tramways,  so  that  the 
rolling  stock  should  be  capable  of  running,  not  only  on  the  tram 
rails,  but  also  on  the  usual  rails  employed  on  the  heavy  railways 
of  this  country.  That,  of  course,  is  a  very  large  question,  but  I 
think  it  would  be  a  great  disaster  if  we  did  not  consider  it  now  in 
all  its  bearings.  We  do  not  want  to  l^ave  perpetuated  in  electric 
traction  the  same  kind. of  miserable  mistake  which  was  made  in 
steam  railroads,  when  the  battle  of  the  broad  and  narrow  gauges 
had  to  be  fought  out. 

Mr.  W.  J.  Carruthers  Wain  :  1  thank  you  for  your  courtesy 
in  inviting  me  to  your  meeting,  and  also  for  inviting  me  to  speak — 
not  that  I  am  able  to  add  anything  to  the  marvellous  store  of 
knowledge  which  has  already  been  imparted  to  the  members  by 
previous  speakers,  andHby  the  authors  of  the  papers,  to  whom  I,  in 
comlnon  with  others,  feel  that  I  owe  a  deep  debt  of  gratitude  for  the 
information  that  they  have  given  to  me.  I  have,  however,  possibly 
some  little  excuse  for  speaking  for  a  few  minutes,  because,  owing 
to  circumstances  possibly  entirely  beyond  my  control,  I  have 
probably  had  more  experience  of  electric  traction  in  this  country 
than  (I  hope  I  say  it  with  all  due  modesty)  any  other  man.  The 
reason  is  exceedingly  simple:  it  arises  in  consequence  of  my 
position  as  President  of  the  Tramways  Institute  of  this  country, 
and  also  in  consequence  of  my  personal  association  with  a  variety 
«of  companies  on  which  electricity  has  been  tried. 

General  Webber  and  other  speakers  have  referred  to  storage 
batteries.  My  experience  with  them  has  not  been  the  over- 
whelming success  which  we  all  hope  for  and  desire.  No  doubt  to 
some  extent  the  blame  for  that  rests  upon  a  variety  of  shoulderi. 
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Mine,  I  admit  at  once,  are  not  broad  enough  to  carry  all  the  blame,  Mr.  wain. 
nor  do  I  desire  that  unenviable  distinction.  The  failure  of 
traction  by  storage  batteries  in  England  has  been  due  to  a 
variety  of  causes,  and  not  necessarily  to  the  batteries  themselves. 
For  example,  when  you  ask  an  accumulator  car  to  grind  its  wity 
through  snow  and  ice  over  a  cori)oration-made  line  an  inch  and  a 
([uarter  wide  to  gauge,  what  could  you  expect  but  an  exceedingly 
rapid  deterioration  of  those  batteries?  If,  as  has  been  done, 
batteries  are  allowed  to  wear  out  and  are  not  replaced,  and  you 
charge  them  every  journey,  every  six  miles,  what  can  you  expect 
but  ih^it  your  working  expenses  will  mount  up  in  an  alarming 
proportion?  But  for  this  I  accept,  as  I  had  not,  any  responsi- 
bility. Therefore,  by  the  ignoxaot-and  prqndiced,  trA^tton  by,, 
storage  batteries  is  absolutely  condemned. 

General  Webber  :  Are  ycm  ^jpeaking  of  Birmingham  ? 

Mr.  W.  J.  Carruthers  Wain  :  I  am ;  but  I  do  not  appear  here 
to-night  as  an  advocate  of  any  particular  form  of  traction ;  my 
object  as  President  of  the  Tramways  Institute  is  to  find  out  the 
best  form  of  traction,  and  to  that  object  I  have  devoted  a  very 
considerable  amount  of  time.  I  have  experimented  with,  I  was 
going  to  say,  air,  fire,  and  water.  I  have  used  steam  by  means 
of  locomotives  travelling  on  common  roads;  I  have  tried 
compressed  air;  I  have  tried,  and  am  trying,  oil;  I  have 
tried,  and  am  trying,  gas ;  I  have  tried  accumulators  of  all 
types— of  the  E.P.S.,  of  the  Epstein,  and  of  the  Julien  and 
Jarman— on  different  roads  ;  and  I  have  tried — and  I  take  credit 
for  saying  so,  and  I  hope  you  will  think  I  am  entitled  to  that 
portion  of  credit  which  as  a  director  of  a  company  ought  to 
fall  to  my  share  for  introducing  to  England  the  first  complete 
system,  over  an  extended  area,  of  traction  by  means  of  over- 
head wires — that  system  or  that  service  which  is  in  complete 
and  successful  service  and  successful  operation  to-day  in  the 
Black  Country,  of  which  you  have  heard  in  the  papers,  and  of 
which  you  have  also  heard  incidentally.  In  South  Staffordshire^, 
there  is  a  complete  system  equipped,  I  hope  and  believe  on  a 
method  which  approves  itself  to  ^those  gentlemen  who  have  pre- 
ceded me,  and  which,  to  my  mind,  is  not  only  satisfactory  from  a 
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Mr.  wifln.  jieconiary  point  of  view,  but  satisfactory  even  to  those  gentlemen 
who  implored  me,  almost  with  tears,  to  do  nothing  in  erecting 
these  overhead  wires  which  would  deface  the  picturesque  beauty 
of  the  Black  Country !  I  have  endeavoured  to  keep  ray  word.  I 
do  not  think  that  the  scenic  advantages  of  the  Black  Country 
have  suffered  at  my  hands ;  and  I  am  in  hopes,  by  means  of  infor- 
mation such  as  has  been  supplied  to  us  by  these  papeis,  and  by 
means  of  the  diffusion  of  knowledge  which  your  Institution  is  able 
to  convey  to  the  public,  that  we  shall  see  a  very  large  development 
of  traction  by  means  of  overhead  wires,  because  I  can  conceive  of 
nothing  more  economical  and  more  speedy  and  more  i)ecuniarily 
advantageous  to  those  who  put  their  money  into  them.  On  that 
point  I  should  like  to  say  that  I  do  not  view  it  from  the  selfish 
point  of  view  of  one  of  the  gentlemen  who  attended  the  Congress 
last  week  at  th<»  Hoard  of  Trade,  who,  as  the  representative  of  the 
steel  and  iroa  industry,  prayed  for  a  wide  extension  of  light  rail- 
ways all  over  the  kingdom,  because  he  said  that  there  never  was 
A  time  when  the  iron  and  steel  industry  needed  it  more.  I  am. 
not  interested  in  iron  and  steel,  and  my  shares  in  electrical 
I'ompanies  amoimt  to  £4;  but  from  the  point  of  view  of  the 
traveller,  and  from  the  point  of  view  of  the  tramway  director  wha 
wishes  to  s^e  absurd  and  obsolete  restrictions  removed,  and  to  see 
railway  and  tramway  legislation  brought  up  to  date  in  Enghmd 
as  it  has  been  brought  up  to  date  elsewhere,  I  do  hope  for  the 
v^ry  best  [lossible  results  from  this  Conference  and  Committee  on 
Light  Railways,  of  which  your  honourable  President  and  myself 
are  members.  I  am  quite  sure  of  this — that  he  will  manege  to- 
make  his  *^  still  small  voice"  heard  at  the  right  moment,  and  that 
the  result  will  be  satisfactory  both  to  you  and  to  me. 

I  really  apologise  for  detaining  you,  because  I  do  not  think  I 
have  conveyed  any  absolute  information  to  you,  excepting  for  the 
feet  that  I  have  done  what  I  can  to  promote  electric  traction  in  thi^ 
country,  and  I  shall  only  be  too  glad  to  see  the  opportunity  to  do 
more.  At  the  present  moment  I  am  doing  a  little  something  with 
reference  to  accumulators.  I  am  arranging  for  the  demonstration 
of  a  battt*ry  of  which  you  may  have  heard,  and  w^hich  has  been 
brought  under  my  notice,  and  the  merits  of  which,  at  any  rate,  I 
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iDtend  to  try.  I  do  not  profess  to  know  anything  at  all  about  it,  Mr.  wuin, 
beoanse  if  I  once  called  my6<4f  an  electrical  engineer  I  should 
launch  myself  ii^wn  a  sea  of  doubt  and  difficulty,  and  I  do  not 
know  what  harbour  I  should  get  to  eventually ;  but  I  am  going  to 
try  the  ^^International  Electric  Storage  Battery/'  which  has 
been  tried,  as  I  understand,  in  Belgium  and  France.  A  demouv- 
Ktration  of  this  battery  is  to  be  arranged  in  Birmingham  at  aii 
early  date,  and  those  who  are  interested  in  accmtmlator  form*^  of 
traction  will  be  glad  to  know  tin*  results  of  those  triiik  j  niid,  if 
you  will  pennit  me,  I  shall  have  the  greatest  pleasure  in  Gomr 
municating  those  results  to  the  Institntion. 

Mr.  Ferranti  :  The  principal  impression  produeed  upon  my  ai^ 
mind  by  the  various  interesting  imperii  which  Imve  been  read  to   *""*"  ^ 
your   Institution   on    traction  is  that,  wiiatever  other  ci)mitries 
have  done,  we  over  here  have  done  very  little.     It  is  an  unfor- 
tunate state  of  a&irs,  and  it  may  be  interesiting  to  conBider  tor 
a  moment  what  are  some  of  thi*  prolmbl*^  ^luseii  which  have  led 
to  this  backwardness  on  our  i>art.     In  ttie  first  place,  1  think  that 
we  have  a  very  exaggerated  idea  of  the  uglinejss  of  an  overhead 
system;     This  is  a  very  unfortunate  thinff*  because  I  am  sure 
that   the  overhead   system   has    lieen    proved    to   be  quite   tlie 
c'heaijest  way  of  working  for  the  largest  iiutnl*er  of  applicatioiks 
in  the  way  of  running  tramways  in  and  about  our  towns,  and 
therefore  it  should  receive  the  \ery  great+^t  ctinsiderfttiou*     It  i^ 
the   one   which    I   think   is   likely  to  l^e  iwiopted   fin^t    if  ui\mv 
objections  are  put  on  one  siile.     1  linve  no  <lonl>t  that  i^till  furtht^r 
improvements  will   be  made  wliich  wilt  render  the  lines  bett^si- 
l<x)king,  and  that,  becoming  aevnstointHl  to  see  them,  we  would 
forget  that  they  were  ugly,  and  think  rathi^r  of  the  great  con- 
venience  which   they  would   giv^*.     The    s<*eoTid    great    tn^uble 
appears  to  be  that  of  obstruction  to  Hre-eR-ajK^i?-     X  do  tiot  ktaam' 
how   this   is  managed  abroad.     Perhap?!  in   America  lln^  houses 
are  too  high  to  make  it  worth  while  tryin^f  to  siive  peopl' 
fire-escai^es  such  as  we  know  them  berei  but,  bowever  tW 
lie,  most  of  the  |>eople  with  whom  I  have  S|P^»keu  bftVid 
with  this  difficidty — that  the  wires*  were  in  t  Ii6  fon&lifll 
escapes,  and  that   therefore*  an   overh<?ad  if 
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rernjit\  tolerated.  I  think  the  time  may  come  when,  if  this  is  a  fact, 
it  will  pay  the  promoters  of  a  trolley-wire  tram  line  to  provide 
a  modified  form  of  fire-escai>e  which  can  be  worked  without 
interfering  with  the  wires,  and  present  it  to  the  authorities  in 
the  district  concerned.  There  is,  next,  the  question  of  danger, 
and  I  think  this  is  far  more  imaginary  than  real.  I  have  no 
doubt  that  accidents  may  occur  by  overhead  wires  dropping, 
but  I  think  it  will  be  of  very  rare  occurrence,  and  I  do  not 
think  it  in  a  diflSculty  which  should  be  set  against  the  immense 
advantages  that  Irould  come  from  rapid  traction  in  our  towns. 
There  is  another  thing  which  has  militated  very  much  against 
the  development  of  electric  tramways,  namely,  the  obstructions 
which  have  been  put  in  their  way.  We  have  a  custom  here  of 
always  protecting  the  man  who  is  in  possession;  that  is  to  ^y. 
if  there  is  an  existing  industry — we  will  say,  for  example  in  f  his 
particular  case,  the  telephone  industry — ^thc -whole  legislation  tends 
to  protect  that  industry^  without  calling  upon  it  to  protect  itself . 
by  taking  a  share  in  the  proper  re-«rrangement  of  its  methodt^. 
()n  the  contrary,  electric  traction,  which  is  the  new  industry, 
has  to  fight  its  way  into  existence  without  interfering  with  an 
existing  system  which  almost  seems  as  though  it  had  been  laid 
down  with  the  object  of  courting  every  disturbing  influence.  I 
am  afraid  that  this  is  one  of  the  troubles  which  we  will  suffer 
from  a  good  deal.  Then  I  think  there  is  another  one.  I-^ncy 
that,  notwithstanding  these  various  difficulties  which  I  have 
pointed  out  to  you,  but  which,  of  course,  you  are  quite;  well 
acquainted  with  already,  there  is  a  far  greater  trouble.  You 
know  that  everything  of  a  new  nature  requires  an  immense 
apaount  of  personal  effort  and  continual  work  to  briog  it  forward. 
Electric  traction  requires  all  the  energy  of  the  whole  of  the 
electrical  industry',  whether  they  are  directly  interested  in  this 
particular  branch  of  the  subject  or  not.  Now,  in  the  case  of 
electric  traction,  this  personal  energy  so  much  required  is  absent, 
as  there  is  no  one  sufficiently  interested  in  the  development  of 
any  particular  system  the  success  of  which,  if  attained,  will 
reward  their  labours.  The  matter  is  too  much  public  property, 
and  therefore  no  one's  business.     I  therefore  think  that  one  of 


1894.]  DISCUSSION.  787 

the  great  inducements — namely,  personal  gain — is  absent  in  this  Mr. 
l>articular  case.  I  think  that  very  likely  this  may  have  a  good 
deal  to  do  with  there  not  being  the  great  effort  brought  to  bear 
in  this  country  which  I  think  would  be  necessary  to  introduce 
such  a  thing  as  electric  traction  as  largely  as  it  should  be 
introduced.  It  may  be  possible  a  little  later  on  to  form  some 
sort  of  association  for  this  particular  purpose,  or  for  some 
committee,  possibly  of  this  Institution,  to  be  forme*  which 
should  receive  reports  primarily  from  all  directly  interested 
parties.  There  might  then  come  the  turn  of  those  who  are  not 
directly  interested.  I  would  remind  everyone  here  who  Ls 
interested  in  manufacturing — and  I  think  the  majority  of  us  are 
in  some  way  connected  with  that  branch — that,  although  they 
may  do  nothing  in  the  way  of  electric  traction  themselves, 
they  cannot  do  better  than  help  those  who  are  interested  in  it, 
because  it  will  tend  to  an  improvement  in  their  own  work  by  the 
filling  up  of  shops  of  those  who  do  electric  traction  with  work  of 
this  kind,  and  so  improve  prices  generally.  I  am  afraid  that 
these  are  considerations  almost  outside  a  scientific  society ;  but 
still  I  think  they  have  a  right  here,  because  anything  which 
increases  the  general  spread  of  electricity  must  certainly  greatly 
'  increase  the  amount  of  knowledge  on  the  subject,  and  also  call  for 
fui-ther  scientific  work  to  be  done. 

Mr.  A.  Sharp  :  There  is  one  point  in  Dr.  Preller's  paper  on  which  Mr.  8h»n». 
I  should  like  to  make  a  few  remarks.  Beferring  to  variations  of 
load  at  the  generating  station,  and  especially  in  starting  trains, 
he  says  :  "  The  most  effectual  remedy  is  the  addition  of  an 
**  accumulator  battery,  which  absorbs  any  excess  of  supply  from 
*'  the  generator  over  demand  from  the  line,  and,  vice  veredy  makes 
"  up  for  any  deficiency  of  supply,  so  that  the  steam  engine  and 
<<  generator  can  always  run  at  full  and  constant  load."  I  should 
like  to  call  attention  to  the  merits  of  an  ordinary  fly-wheel  as 
an  accumulator  of  eniergy  for  the  particular  case  of  electric 
traction.  The  energy  stored  up  in  a  moving  body  is  proportional 
to  the  weight  of  the  body  and  to  the  square  of  its  velocity,  so  that 
if  we  can  increase  the  velocity  of  the  rim  of  the  fly-wheel  we  get  a 
considerable  increase  in  energy  stored,    I  hope  to  point  out  that  we 
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have  not  yet  reached  the  safe  limit  of  si>eed  for  fly-wheel  risns. 
.Suppose  we  could  run  a  fly-wheel  at  a  rim  velocity  of  300  feet  per 
second.  One  ton  weight  of  rim  in  that  case  would  store  95  H.P.- 
minutes ;  and  with  a  fluctuation  of  velocity  of  only  5  per  cent, 
above  and  below  the  average  the  available  energy  would  be 
19  H^P.-minutes ;  that  is,  a  fly-wheel  of  10  tons  weight  running  at 
that,  speedy  and  with  $  per  cent,  variation  of  velocity,  would  give 
190  H.R-minutes  available  to  meet  the  excess  and  deficiency  of 
energy.  At  present,  with  the  ordinary  construction  of  fly-wheel, 
the  safe  ij^)eed  seems  to  be  about  100  feet  per  second.  Our 
American  cousins  run  things  much  doser  tlian  we  do  in  thin 
country  in  running  fly-wheels  at  high  speeds,  and  tliey  unfortu- 
nately seem  to  get  A  good  many  fly-wheel  accidents.  The  break- 
ing of  fly-wheels  is  usually  attributed  to  the  se^Tre  centrifugal 
excess  on  the  rim. 

Consider  the  rim  of  a  fly-wheel  as  a  circular  ring  rotating 
flreely  about  its  centre:  the  centrifugal  forces  acting  nulially 
outwards  at  all  points  produce  a  circumferential  stress  on  the  rim. 
At  the  speed  I  have  mentioned-^  100  feet  per  second^-the  circum- 
ferential tension  is  less  than  half  a  ton  per  square  inch  ;  so  that 
if  we  could  use  a  free  revolving  ring  as  a  fly-wheel,  the  safe  speed 
could  be  considerably  increased.  But  in  any  large  fly-wheel  with 
a  small  number  of  arms  we  have  quite  a  different  state  of  things. 
In  a  fly-wheel  with,  say^  eight  arms,  there  is  at  each  arm  an  intense 
radial  force  directed  inwards  4  so  that  each  segment  of  the  rim  i.s 
in  the  condition  of  a  beam  loaded  uniformly  and  supported  at 
the  ends«  The  maximum  bending  moment  on  any  beam  with 
load  W  i)cr  foot  run  is  proportional  to  W  i*,  I  being  the  efpan 
between  the  arms.  The:  bending  moment  can  be  reduced  by 
reducing  the  span  of  the  beam,  so  that  if  the  number  of  arm«  U 
quadrtipled  the  maximum  bending  moment  on  the  rim  is  reduced 
to  l-16th.  The  solid  disc  fly-wheel,  to  which  Captain  Sank*>y 
bat  referred,  ia  in  this  respect  very- much  better  than  a  fly-wheel 
iMde  with  six  or  eight  mnHu 

-  A  fly-wheel  built,  on  the  lines  indicated  in  my  communication 
oa  Mr.Crompton's  paper*  will  run  safely  at  a  much  higher  speed 
tban  «v^n  a  tolid  dfise  fly-wheel,  since  thf  initial  tension  on  the 
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spokes  produces  an  initial  compression  on  the  rim  whicli  is  not  Mr.  siian^. 
neutralised  until  a  high  velocity  Ih  attained.  For  example,  in  a 
fly-wheel  the  rim  of  which  weighs  10  tons  and  the  spokes  2*2  tons 
(provided  the  proper  initial  tension  be  put  on  the  spokes)^  the 
gtress  on  the  rim  will  be  zero  at  a  speed  of  150  feet  per  second, 
and  the  tension  on  the  spokes  5^  tons  per  square  inch. 

One  of  my  fly-wheels  has  been  put  on  the  crank-shaft  of  a 
gas  engine  of  33  brake  horse-power,  by  Messrs.  J.  E.  H.  Andrews 
&  Co.,  Reddish,  at  the  Central  Schools,  SheflBeld.  My  fly-wheel 
replaces,  and  weighs  the  same  as,  one  of  the  two  ordinary  fly- 
wheels usually  supplied.  Its  diameter  is  10  feet,  that  of  the 
fly-wheel  it  replaces  5  feet  9  inches ;  so  that,  weight  for  weight,  it 
stores  more  than  three  times  the  energy  of  the  ordinary  fly-wheel 
on.  the  same  shaft.  Professor  W.  H.  Watkinson  is  the  consulting 
engineer.  The  engineer  in  charge  of  the  installation  writes: 
"  The  engine  and  dynamos  were  started  on  Monday,  and  ran  with 
*^  full  load  for  three  hours.  There  i^  no  perceptible  variation  in 
**the  steadiness  of  the  light,  the  finger  of  voltmeter  remaining 
*f  constant  throughout.  On  switching  pfi^  the  full  load  instan- 
"  taneously,  leaving  a  few  lights  on,  there  is  no  visible  pulsation 
"  in  light,  the  voltmeter  going  up  tw.o  volts,  but  remaining  steady 
**  throughout.  There  is  a  mai:ked  differtfnce  as  compared  with 
"the  old  fly-wheel  when  on,  and  runniQg  with  varying  loads^ 
"  The  present  10-fpot  fly-wheel  appears  to  meet  ail  the  necessary 
"requirements  demanded  for  steady  drivings  either  under  full  or 
"partial  loads." 

This  high-speed  fly-wheel  is  much  cheaper,  reckoned  per  unit? 
of  energy  stored,  than  the  old  fly-wheel  cast  in  one  piece  ;  and  for 
electric  traction,  infinitely  cheaper  than  batteries,  there  being  no 
expense  for  upkeep  ajad  renewal. 

Mr.  J.  D.  DiLLA^ :  It  is  not.  perhaps  generally  known  m^.  Daiius. 
that  one  of  the  principal  reasons  for  the  great  advance  of 
electrical  traction  in  America  is  on  account  of  the  ,  gearing 
which  has  been  adopted.  In  Richmond  (Va.),  on  the  first 
large,  electric  tram-road,  Sprague  placed  single-reduction  gears 
on  his  mot>or.  At  first  these  did  not  give ,  satisbction,  but 
on  the    gearing   beij^    altered   to  douUe  -  redrntiMt  the  7  f oad 
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Mr.  Dallas,  bccame  a  great  success.  The  fault  did  not  really  lie  with  the 
gear,  but  with  the  motor,  which  was  not  strong  enough  to  do 
the  work.  Double-reduction  motors  then  became  the  vogue  until 
1891,  when  I  think  that  nearly  every  road  in  America  began  to 
adopt  single-reduction  gears.  By  the  introduction  of  single- 
reduction  spur-gear  motors  the  gear  losses,  which  had  amounted 
to  15  per  cent.,  were  immediately  reduced  to  6  per  cent,  for  all 
working  loads.  Many  different  forms  of  pinions  have  been  used. 
Bronze  pinions  are  about  as  good  as  can  be  possibly  used  for 
reducing  the  loss  and  noise.  Raw-hide  gears  at  one  time  were 
thought  to  be  excellent  things,  but  were  used  for  a  short  period 
only,  as  they  rapidly  fell  to  pieces.  The  next  improvement  was 
to  laminate  the  raw-hide  pinion  by  successive  layers  of  raw  hide 
and  sheet  iron  or  steel.  But  these,  as  soon  as  the  edge  was 
slightly  worn  down,  cut  the  gear  like  so  many  saws,  and  were 
rejected.  At  present,  preference  lies  between  forged  steel  or 
bronze,  in  each  case  with  the  teeth  cut  out  in  a  milling  machine 
from  the  solid.  I  was  in  the  testing  department  of  a  manufBtc- 
turing  company  for  a  long  time,  and  I  think  that  they  have  come 
to  the  conclusion  that  there  are  smaller  losses  from  a  cast-iron 
gear  than  in  any  other  form,  the  cast  iron  being  close-grained, 
and  with  a  considerable  quantity  of  wrought-iron  scrap  mixed 
with  it.  This  gives  a  very  strong  gear  which  works  very  well. 
I  can  give  an  illustration  of  the  strength  of  these  gears.  I  once 
saw  a  nut  dropped  by  mistake  into  the  gear,  which  was  running 
about  900  revolutions  armature  speed.  The  nut  was  dropped  in 
between  the  cast-iron  teeth  and  a  pinion.  No  mark  could  be 
discerned  on  the  cast  iron,  but  the  nut  was  very  plainly  stamped  on 
the  steel,  and  the  armature  box  was  broken.  Grearless  motors  are 
scarcely  ever  of  any  use  for  street  traction  purposes ;  it  is  almost- 
impossible  to  make  a  light  motor  which  will  have  a  satisfactory 
efficiency.  I  have  heard  very  little  mention  of  carbon  brushes* 
I  saw  them  used  on  one  of  the  first  roads  ever  worked  in  Boston, 
and  where  the  commutators  used  before  the  introduction  of  carbon 
were  rapidly  torn  to  pieces.  The.se  carbon  brushes  transformed 
electric  traction  from  a  dull  failure  to  a  signal  successi 
Mr  c?hiw  Mr.  Arthur  E.  Childs  IcarnmuniccUed] :  On  page  571  of  the 
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Jawnwl  of  the  iTvstUvJtion  of  Electrical  Engineers^  issued  July,  Mr.  chuds, 
1894,  Mr.  Wilkinson  refers  to  some  tests  made  by  Mr.  James  D. 
Rostron,  of  the  Union  Bailway  Company,  Chester,  Pennsylvania, 
bearing  upon  the  conductivity  of  the  earth  as  a  return. 

Mr.  Arthur  H.  Allen,  of  the  Westinghouse  Electric  and 
Manufacturing  Co ,  who  is  familiar  with  the  experiments  per- 
formed by  Mr.  Rostron,  states  that,  although  apparently  these 
experiments  were  conducted  properly,  and  true  results  seemed 
to  be  obtained,  yet,  taking  all  the  considerations  of  the  locality 
into  account,  the  results  will  be  considerably  modified.  The 
method  Mr.  Rostron  used  to  obtain  the  current  through  the 
earth  plates  was  ta  place  an  ammeter  in  series  with  one  of  them 
and  measure  its  current  as  a  car  was  passing  over  it — which  gave 
him  }  ampere ;  while  at  the  same  time  he  states  that  he  only 
obtained  0*51  ampere  at  the  earth  plate  at  the  power  house. 
Here  is  a  discrepancy  which  requires  explanation. 

Earth  plates  on  this  road  are  distributed  every  500  feet  along 
the  line,  and  some  portion  of  the  current  passes  through  all  of 
these,  as  well  as  from  the  rails  into  the  earth  between  the  earth 
plates.  A  large  percentage  of  this  current  probably  passes  into 
the  city  water  mains  from  the  earth  plates.  Measurement,  in 
fact,  showed  12*8  amperes  from  this  source  of  return. 

It  will  therefore  be  seen  that  Mr.  Rostron's  assertion  that  the 
earth  plates  are  of  little  or  no  value,  and  that  the  earth  cannot  be 
used  as  a  return  with  any  degree  of  success,  are  statements  which 
must  be  accepted  with  considerable  precaution. 

There  is  no  doubt  that  in  many  instances  the  earth  return  is 
used  with  success,  as  in  the  town  of  Williamsport,  Pennsylvania, 
where  the  rails  are  not  connected  with  the  power  house  in  any 
way  whatever,  the  power  house  being  situated  about  1,200  feet 
from  the  line  of  rails  at  the  nearest  point.  The  system  employed 
at  Williamsport  is  known  as  the  Siebold  system,  which  consists  in 
driving  in  every  30  feet,  in  between  the  rails,  an  iron  pipe  1^ 
inches  in  diameter,  a  distance  of  12  to  15  feet.  The  pipe  is  then 
cross-connected  with  iron  wire  to  the  rails  on  both  sides,  and  only 
a  light  bonding  of  the  rails  themselves  is  employed.  This  system 
has  been  satisfactory  in  this  case— showing  that  the  earth  may  be 
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used  with  success,  as  well  as  an  all-metallic  return.  Another 
example  of  this  case  is  at  Middletown,  Pennsylvania,  where  the 
power  house  is  some  two  miles  from  the  nearest  point  of  the  line  of 
mils,  and  there  is  no  metallic  connection  between  the  i>ower  house 
and  the  line  whatever. 

From  the  above  it  must  not  be  inferred  that  the  earth  return 
can  be  employed  successfully  in  all  cases ;  but,  on  the  other  hand, 
it  must  not  be  indiscriminately  condemned,  as  in  many  localities 
the  condition  of  the  earth — its  moisture,  composition,  &c. — enables 
it  to  be  used  with  great  satisfaction.  On  the  other  hand,  there 
are  many  instances  where  it  is  absolutely  necessary  to  have  a 
well-bonded  line,  with  supplementary  wires  and  good  metallic 
connection  with  the  power  house.  Such  cases  exist  in  large  cities 
built  on  clay  formation  or  on  rock  basis,  where  the  resistance  of 
the  earth  is  too  great  to  allow  of  the  return  of  much  current. 

During  Mr.  Wilkinson's  visit  to  Philadelphia  he  found  that 
only  one  overhead  trolley  line  was  in  o^ieration,  but  since  his  visit 
this  condition  has  been  very  materially  altered.  The  total 
mileage  of  the  street  car  systems  in  Philadelphia  measures  over 
300  miles,  of  which  about  one-half  has  already  been  "electrified," 
All  the  principal  streets  now  have  trolley  cars  passing  through 
them,  and  the  increase  of  the  earnings  of  those  com^)anies  who 
have  changed  their  horse  power  to  electric  power  has  been  a 
sur])rise  and  pleasure  to  the  stockholders  of  the  various  street 
car  companies.  The  Philadelphia  Traction  Company,  which  now 
owns  and  operates  the  Market  Street  Cable  road,  is  seriously 
contemplating  the  replacing  of  the  cable  by  a  trolley  line,  as 
their  cable  system  has  not  been  satisfactory  in  its  working,  and 
the  breakdowns  and  stoppages  have  seriously  interfered  with  its 
revenue. 

In  Philadelphia,  with  the  exception  of  one  or  tw«)  lines,  all 
the  street  car  companies  have  applied  for  the  right  to  change 
their  horse  power  to  electric  power,  and  have  obtained  the  neces- 
sary license,  so  that  in  the  near  future  horse  cars  will  be  a  rare 
sight  in  the  Quaker  City. 

Mr.  Alfred  Dickinson  [communicated] :  I  have  read  in  the 
technical  Press  this  week  "  Notes  on  Electric  Tramways  in  the 
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"  United  States  and  Canada,"  read  before  your  Institution  on  the  wr. 

DickiiiiKNL. 

8th  inst.  by  Mr.  H.  D.  Wilkinson. 

Although  I  am  not  a  member  of  your  Institution,  as  one 
having  had  some  experience  in  the  matter  under  discussion  I  am 
sure  the  members  will  not  consider  it  an  intrusion  on  my  part  if 
I  ask  Mr.  Wilkinson  a  few  questions.  Does  he  mean  that 
the  £2,300  per  mile  of  double  track  includes,  in  addition  to 
the  overhead  work,  the  construction  of  the  running  rails 
and  the  necessary  permanent  way,  and  the  sum  of  £4,000 
per  single  mile  for  the  conduit  system  to  include  this  also? 
because,  if  he  does,  his  estimates  are  totally  inadequate.  The 
cost  of  constructing  a  4  ft.  SJ  in.  gauge  tramway  to  comply  with 
the  specification  of  the  large  local  authorities  in  this  country 
would  cost  at  least  £5,000  per  single  mile  of  track,  and  the 
<}0st  of  the  permanent  way,  including  the  conduit,  would  cost 
quite  £10,000  per  single  mile  of  track.  Mr.  Wilkinson  very  kindly 
mentions  my  system  as  erected  upon  the  South  Staffordshire  lines, 
and  suggests  that  the  difficulty  of  carrying  outside  passengers 
by  the  American  system  could  be  overcome  by  placing  an  awning 
over  the  cars.  The  fact  that  the  wires  are  not  over  the  cars  in  my 
system  is  but  a  small  advantage.  If  the  wire  was  carried  over  the 
centre  of  the  track,  and  outside  passengers  could  ride  on  top  owing 
to  the  awning  being  over  the  car,  that  would  not  remove  the  great 
difficulty  as  to  the  passage  of  fire-escapes  along  the  streets,  neither 
would  it  remove  the  necessity  with  the  American  system  of  the 
innumerable  number  of  guy  wires  which  would  be  necessary  to 
make  the  trolley  wire  follow  the  curvature  of  the  track.  I  am  sure 
the  members  of  your  Institution  will  not  lose  sight  of  the  feet 
that  American  roads  and  streets  generally  are  laid  in  a  very  differ- 
ent manner  to  the  roads  and  streets  in  Europe.  In  America  they 
are  simply  straight  lines ;  but  in  Europe,  speaking  generally,  and 
this  country  in  particular,  they  are  most  tortuous  and  ever  twistr- 
ing,  and  the  adoption  of  the  American  system  here  is  therefore 
much  more  difficult  than  in  that  country.  The  great  advantage 
of  the  South  Staffordshire  system  is  that  the  trolley  wire  does  not 
need  to  follow  the  curvature  of  the  track  at  all ;  it  may  be  placed 
anywhere  within  a  range  of  26  feet — either  13  feet  on  one  side  or 
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the  other.  But  this  is  by  no  means  the  limit,  as  we  have  experi- 
mented with  a  trolley  pole  over  20  feet  in  length,  which  would  give 
a  range  of  40  feet.  I  see  that  one  of  the  technical  papers  this  week 
comments  adversely  upon  the  observations  of  Mr.  Wilkinson  where 
he  speaks  of  the  number  of  short-circuits  upon  one  of  the  American 
systems,  and  they  argue  that  the  construction  of  overhead  electric 
tramways  leaves  much  to  be  desired.  I  therefore  think  it  only 
right  to  state  that  on  the  South  StaflFordshire  line  there  has  been 
run  in  nearly  two  years  about  600,000  car  miles,  and  I  am  quite 
gafe  in  saying  that  during  the  whole  of  that  period  we  have  not 
had  the  number  of  short-circuits  Mr.  Wilkinson  states  they  have 
had  in  one  day  on  a  system  in  America. 

Mr.  G.  C.  LuNDBERG  [communiccUed]  :  I  can  fully  appreciate 
Mr.  Wilkinson's  remarks  respecting  the  overcrowding  of  American 
street  cars.  Mr.  R.  W.  Blackwell  will  corroborate  me  when  I  sav 
that  in  Allegheny  City,  Pa.,  U.S.A.,  our  record  in  1888  was  a» 
many  as  86  passengers  up  a  12  per  cent,  grade,  in  a  car  of  a 
seating  capacity  of  22  or  24,  the  excess  number  finding  room 
wherever  possible.  On  many  occasions  this  number  was  nearly 
equalled,  and  was  accomplished  in  all  weathers  by  track  adhesion 
only,  the  electric  equipment  of  the  cars  being  two  motors  of  15 
H.P.  each. 

The  eflfectual  bonding  of  rails  is  one  of  great  importance,  and 
I  can  supplement  Mr.  Wilkinson's  remarks  as  to  the  disagreeable 
shocks  experienced  by  pedestrians  from  contact  with  what  were 
technically  termed  "dead  rails "(?)  in  the  West  End  Street 
Railway  Company's  system  in  Boston  and  Cambridge  (Mass.)  in 
1889  and  1890,  owing  to  inefficient  bonding  by  the  "soldered 
"  rivet "  method. 

Perhaps  the  earliest  examples  of  bonding  on  American  street- 
railway  systems  were  at  South  Bend,  Ind.  (Van  Depoele),  and 
Baltimore,  Md.  (Daft),  both  constructed  in  1885. 

The  following  is  an  extract  from  a  description  of  the  former 
line:— 

"  In  order  to  make  the  track  a  perfect  conductor "  (the 
italics  are  mine),  "  strips  of  brass  are.  laid  under  the  joints  of 
"  the  raik," 
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Jadging  from  Mr.  Wilkinson's  paper,  apparently  this  method  {Jj^j^,^^ 
did  not  come  up  to  expectation. 

The  pioneer  experiments  of  electric  traction  for  street  railway 
pur^ioses  on  a  large  scale,  as  carried  out  by  the  West  End  Street 
Railway  Company,  of  Boston,  Mass.,  are  beyond  all  praise ;  and  it 
will  not  be  out  of  place  at  this  juncture  to  give  all  due  credit  to 
their  enterprising  president,  Mr.  H.  M.  Whitney,  for  his  eflForts  in 
the  practical  solution  of  the  problem. 

In  criticising  the  first  applications  of  electricity  for  welding 
rails,  it  should  be  borne  in  mind  that  the  extremes  of  temperature 
experienced  in  the  States  give  the  method  a  thorough  test. 

As  regards  overhead  double-trolley  systems,  I  think  one  of 
the  earliest  in  the  States  was  that  adopted  by  the  Bentley-Knight 
Co.  in  Allegheny,  Pa. 

Two  sets  of  trailing  collectors  were  employed,  one  set  to  each 
of  the  conductors,  the  latter  being  vertically  one  above  the  other, 
fixed  to  wooden  posts  on  one  side  of  the  track.  The  current  was 
conveyed  by  a  twin  flexible  cable,  terminating  in  a  T-shaped 
socket,  to  spring  contacts  at  the  end  of  the  roof  of  the  car ;  the 
spring  contacts  being  so  designed  as  to  allow  the  flexible  cable  to 
be  jerked  out  should  the  collectors  above  meet  with  any  obstacle 
to  their  progress  along  the  conductors. 

The  line  insulation,  though  of  wood  throughout,  gave  prac- 
tically no  trouble,  and  we  were  spared  any  anxiety  from  the  use 
of  span  or  guard  wires,  or  bonded  rail  returns,  having  no  need 
for  them ;  we  had  plenty  to  do  in  keeping  the  motors  in  order, 
however,  they  being  practically  unprotected.  . 

The  method  of  shunting  a  series  of  lamps  on  each  pole  proved 
an  excellent  one  for  spotting  earths,  and  I  think  to  Mr.  Charles 
H.  Macloskie  the  credit  of  this  method  is  due,  as  far  as  its 
adoption  for  electric  traction  in  the  States  is  concerned.  The 
overhead  section  of  the  Allegheny  line  was  single  track,  and  in 
consequence  of  the  diflSculty  of  constructing  overhead  switches 
at  the  turn-outs,  the  car  conductors  exchanged  trolleys  when 
passing  each  other. 

The  "  Love "  conduit,  so  ably  described,  appears  to  me  to  be 
antedated  in   many  of  its   details,   and   one   cannot   help    but 
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recognise  the  Holroyd  Smith  and  Bentley-Knight  systems  in  its 
construction.  As  regards  the  depth  of  electric  railway  conduits, 
I  believe,  if  the  Blackpool  (Eng.),  Allegheny,  and  Boston  (U.S.A.) 
conduits  had  been  deeper,  less  trouble  would  have  occurred,  and 
the  overhead  system  would  not  have  been  in  such  general  use  at 
the  present  day.  As  regards  pockets,  or  hand  holes,  over  each 
conductor  support,  these  were  present  in  the  Boston  conduit  of 
1888,  and  certainly  proved  advantageous.  I  notice  in  the 
"  Love "  system,  contrary  to  the  Bentley-Knight,  there  is  no 
method  of  throwing  the  collectors  completely  out  of  the  slot  should 
any  obstruction  be  met;  I  presume,  if  such  should  occur,  the 
disabled  car  is  pushed  home  as  a  "  special  '*  (as  far  as  pedestrians 
are  concerned).  If  fitted  with  the  "  throw-out "  gear,  the  car  could 
be  pushed  past  the  obstruction  and  the  collectors  re-inserted. 
The  electrical  brake  was  effectually  used  in  Allegheny  (a  line 
which  Mr.  R.  W.  Blackwell  may  be  justly  called  the  parent  of  j, 
two  series  motors  forming  the  electrical  equipment  of  each  car. 
I  personally  know  it  was  the  means  of  preventing  what  might 
otherwise  have  been  disastrous  accidents  on  the  steej)  grades  there. 
It  would  be  interesting  to  know  the  arrangement  of  the  motors  on 
the  Zurich,  Genoa,  and  Florence  lines  referred  to  by  Mr.  Preller 
in  his  paper  as  employing  the  electrical  brake.     • 

In  Messrs.  Blackwell  and  Dawson's  collection,  I  can  appreciate 
the  improvements  made  in  these  necessary  devices,  which 
undoubtedly  are  the  outcome  of  dearly  bought  experience. 

Mr.  Holroyd  Smith,  in  his  criticism,  may  say  they  appear 
clumsy  and  unsuited  for  our  own  requirements  ;  but,  for  a  little 
counter  criticism,  I  venture  to  think,  respecting  the  clever 
mechanical  line  ear  of  his  own  design,  that  in  its  present 
form  trouble  would  sooner  or  later  occur,  because  of  the 
inadequate  amount  of  insulation  of  the  conductor  from  the 
span  wire  which  he  has  provided,  using  only  a  rubber  tube 
bushing. 

Mr.  Holroyd  Smith's  trolley  is  ingenious,  but  its  position 
necessitates  the  car  always  travelling  in  one  direction  (that  is, 
if  it  is  the  intention  for  the  collector  to  engage  with  the 
conductor,  behind  the  passengers);  whereas  the  pivotal  form  of 
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trolley  allows  it  to  be  swung  round,  and  does  not  necessitate  a  Mr. 
loop  being  provided  in  the  track  at  the  termini. 

The  lightning  arrester  is  an  important  piece  of  apparatus, 
and  I  trust  the  apparatus  exhibited  overcomes  the  shortcomings 
of  earlier  appliances  and  is  more  of  an  actual  protection,  as  these 
were  not  always  efficacious  in  preventing  damage  to  the  electrical 
apparatus  during  a  storm.  From  the  considerable  improvements 
which  have  been  effected  in  trolleys  and  supports  for  the 
conductors,  one  is  led  to  think  that  the  days  are  over  when  it  was 
no  uncommon  sight  to  see  an  emjploye  on  the  roof  of  the  car 
taking  it  home  by  means  of  a  flexible  wire  held  in  contact  with 
the  conductor,  the  trolley  having  become  disabled. 

In  some  cases  this  was  caused  by  the  flange  of  the  wheel 
having  worn  through,  and  the  spoked  trolley  wheel  exhibited 
would  overcome  this  defect. 

Accidents  to  trolleys,  such  as  I  have  seen,  would  prove 
disastrous  if  they  occurred  on  our  double-decked  cars  with  pas- 
sengers on  top. 

A  word  of  praise  is  due  to  the  originator  of  the  carbon  brusli 
for  street  railway  work.  Before  the  adoption  of  this  material, 
conmiutators  and  metallic  brushes  were  a  source  of  continuous 
trouble.  The  extra  resistance  is  certainly  against  its  adoption, 
but  this  has  been  reduced  by  increased  cross  section  and  coppering. 
,  I  noticed  amongst  the  various  American  appliances  a  carbon 
brush  stranded  with  copper,  in  order  to  give  it  increased  con- 
ductivity. The  advantages  gained  by  their  use  more  than 
balance  the  increase  of  resistance,  and  wear  on  the  commutator 
is  reduced  to  a  minimum. 

In  thanking  Messrs.  Wilkinson,  Blackwell,  Dawson,  and 
Preller  for  having  given  us  such  a  fund  of  useful  information,  I 
regret  that  little  mention  is  made  of  the  work  of  pioneers  in 
this  branch  of  the  industry. 

I  heard  with  pleasure  Mr.  Holroyd  Smith  (a  pioneer  himself 
whom  we  are  all  proud  of)  express  his  indebtedness  to  Mr. 
Sprague. 

Perhaps  at  a  future  date  the  pioneer  efforts  of  other  American 
engineers— notably  Messrs.  Daft,  Bentley,  Knight,  and  Van  Depoele 
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— will  come  in  for  recognition  also,  when  our  own  engineers  have 
profited  by  their  eflForts. 

Mr.  William  Geij>el  [communiccUed] :  It  is  difficult  to 
understand  how  the  welding  of  the  rails  into  one  length  does  not 
cause  more  difficulty  than  we  gather  from  Mr.  Wilkinson,  for  the 
diflFerence  in  length  during  summer  and  winter  may  be  as  much 
as  3  feet  per  mile.  It  is  possible  that  the  particular  line — i.«., 
the  West  End  Street  Railway — contains  many  curves,  which  would, 
of  course,  obviate  the  buckling  or  breaking  that  would  undoubtedly 
take  place  in  long  straight  lengths,  owing  to  expansion  and 
contraction.  We  have  had  experience  of  this  difficulty  on  our 
English  railways,  where  too  little  clearance  has  been  left  between 
each  length  of  rail. 

The  expression  "  crowding  out,"  or  "  shedding,"  of  current  at 
the  rail-bonds  seems  to  me  to  be  misleading,  for  it  does  not 
follow,  if  a  high  resistance  is  introduced  by  a  particular  bond 
or  bonds,  that  the  current  necessarily  goes  to  earth  at  such  points. 
Is  it  not  purely  a  question  of  potential  diflFerence  and  resistance  ? 
If  one  end  of  the  rails  is  at  earth-potential,  then  the  other  parts 
are  diflferent  in  potential  according  as  the  resistance,  and 
magnitude  of  the  current ;  and  the  current  will  leave  at  those 
points  in  the  rail  which  are  either  highest  in  potential  or  where 
the  earth  oflFers  least  resistance — as,  for  example,  where  a  gas  or 
water  pipe  runs  near  the  rail. 

Mr.  Wilkinson  recommends  a  maximum  current-density  in 
the  bond  of  2,000  amperes  per  square  inch.  Mr.  Parshall  speaks 
of  a  contact  area  20  times  that  of  the  bond.  Is  not  the  former 
cutting  it  too  fine  ?  and,  with  regard  to  the  latter,  is  a  ratio  of 
20  not  unnecessarily  large  ?  Messrs.  Blackwell  and  Dawson  find 
t  hat  copper  deteriorates  quickly,  which  points  to  the  undesirability 
of  cutting  the  area  of  the  bond  so  fine. 

Again,  such  a  high  density  as  2,000  amperes  per  square  inch 
does  not  appear  to  involve  the  best  arrangement  on  economical 
grounds.  In  electric  lighting  in  this  country  a  lower  density  is 
adopted,  and  as  the  hours  of  use  in  traction  work  are  probably 
greater  a  still  lower  density  would  appear  economical,  more 
es[)ecially  for  bare  copper.  I  would  suggest  a  density  of  500 
amperes  per  square  inch  j»s  the  limit. 
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I  quite  agree  with  Mr.  Robinson  in  his  remarks  upon  the  Mr.  oeipet 
statement  made  by  Mr.  Preller  regarding  the  superior  governing 
of  slow-speed  engines ;  and  I  am  surprised  that  Mr.  Preller  has 
not  experienced  much  greater  difficulty  in  the  governing  of  the 
turbines,  which  must  be  incomparably  slower  than  either  high- 
er low-speed  engines,  unless  the  governors  in  use  were  very 
different  to  those  used  on  turbines  in  this  country.  I  have  had 
experience  of  this  at  Worcester  with  4  ft.  6  in.  diameter  turbines, 
where  I  find  the  governing  of  the  engines  very  much  more  rapid ; 
with  sudden  variations  in  load  the  turbines  are  quite  incapable 
of  coping.  Perhaps  Mr.  Preller  will  tell  us  how  this  difficulty 
is  got  over. 

Mr.  Preller,  in  advocating  alternate  current,  and  Mr.  Parshall, 
in  depreciating  its  use,  have  both  omitted  one  very  important 
point  in  their  &vour,  as  compared  with  continuous  currents :  it  is, 
of  course,  the  abolition  of  the  commutator.  I  agree  entirely  with 
the  views  of  Mr.  Preller ;  it  seems  to  me,  if  we  are  to  work 
long  railways  without  an  unnecessary  multiplication  of  generating 
stations,  that  the  alternate  current  promises  the  best  solution  of 
the  difficulty,  as  it  is  so  easy  to  feed  by  high-tension  feeders, 
transforming  to  a  suitable  low  pressure  at  firequent  intervals  along 
the  line. 

Mr.  B.  M.  Jenkin  [communicated] :  Mr.  Wilkinson,  in  com-  Mr.  jenkin. 
paring  the  advantages  of  the  double-i  and  single-trolley  systems, 
has  suggested,  as  a  means  of  getting  rid  of  the  injurious  earth 
currents  usual  in  the  latter  system,  the  use  of  insulated  return 
feeders  from  the  rails,  connected  direct  to  the  negative  terminal 
of  the  dynamos  at  the  station.  He  says,  on  page  633,  that 
by  this  means  the  "current  will  be  kept  within  the  rails  and 
"  return  feeders,**  and  that  electrolytic  corrosion  will  only  occur  at 
bad  joints  in  the  rails,  "  and  not  on  underground  pipes  imd  cables ;  ** 
and  lower  down  on  the  same  page  he  says  that  a  supplementary 
wire,  if  properly  increased  in  section  as  it  approaches  the  power 
station,  "  would  do  nearly  as  well  as  insulated  feeders,  provided 
"  the  connection  from  the  rails  to  the  generators  were  made  at  the 
**  nearest  point  to  the  power  station  by  insulated  cable."  He  there- 
fore only  considers  the  return  feeders  as  a  means  of  increasing  the 
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Mr.  Jenkin.  sectioD  of  the  rails ;  the  insulation  on  the  cables  from  the  last 
rails  to  the  station  preventing  earth  currents. 

So  far  in  the  discussion  this  point  has  not  been  raised. 

In  order  that  the  current  may  run  "  within  *'  the  rails,  there 
must  be  a  D.P.  between  two  points  in  the  rails,  and  therefore  alw> 
between  the  earth  at  these  two  points ;  and  there  will  therefore 
also  be  a  current  in  the  earth,  or,  in  plain  words,  the  earth  is  a 
shunt  on  the  rails  as  a  whole,  as  well  as  on  the  joints  of  high 
resistance.  And  for  any  given  D.P.  between  two  points  along  the 
track  the  current  will  be  divided  between  the  rails  and  the  earth 
directly  in  proportion  to  their  relative  conductivities.  I  do  not 
see  how  insulation  on  the  return  feeder  can  aflFect  this. 

If  at  any  point  along  the  track  the  relative  conductivity  of 
the  two  paths  alters,  the  current  must  perforce  redistribute  itself. 
Thus  at  a  bad  joint  the  resistance  of  the  line  increases  for  a 
given  length,  and  more  current  goes  by  the  earth  path  and  less 
by  the  bond ;  and,  similarly,  if  there  are  bad  joints  in  the  pipes  in 
the  earth,  part  of  the  current  leaves  them  for  the  rails.  For  as 
long  as  the  rails  and  the  earth  are  in  contact  all  the  way,  we 
must  have  the  same  drop  of  potential  in  the  two,  and  if  for  any 
length  the  resistance  varies  in  one  and  not  in  the  other,  the 
current  readjusts  itself  to  keep  the  drop  the  same  in  both. 

Similarly,  if  the  current  increases  at  any  point  due  to  the 
passing  of  a  car  on  the  rails,  a  share  of  it  will  go  by  the  earth  path, 
and  at  all  these  points  we  shall  have  electrolytic  action  on  tht* 
rails  or  pipes.  The  doing  away  with  the  earth  plate  at  the  station 
and  the  substitution  of  the  insulated  return  from  the  last  rails 
may  save  the  pipes  near  the  station,  but  it  is  at  the  expense  of 
those  near  the  last  rails,  as  it  is  converting  these  last  rails  into  an 
earth  plate. 

The  only  way  in  which  we  can  get  rid  of  the  earth  currents 
entirely  when  using  the  earthed  rails  in  the  circuit  is  to  maintain 
all  parts  of  the  rails  at  the  same  potential.  This  could  only  be 
done  by  the  use  of  an  infinite  number  of  insulated  return  feeders, 
which,  of  course,  is  impossible.  But  we  can  approximat^e  to  it 
by  the  method  commonly  used  for  L.T.  two-wire  lighting  mains, 
which  is  to  keep  the  points  where  the  return  feeders  leave  the 
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mains,  or  rails  in  this  case,  at  the^  same  potential,  and  to  put  Mr.  Jenkin. 
these  p'oints  close  enough  together  to  prevent  the  drop  in  the 
rails  due  to  the  flow  of  the  current  fronu  the  cars  to  the  return 
feeder  points  being  more  than  a  certain  amount  found  not  to  cause 
earth  currents  large  enough  to  do  serious  damage  to  pipes,  &c. 
This,  of  course,  cannot  be  done  if  we  use  a  supplementary  wire 
between  the  rails. 

The  Board  of  Trade  have  fixed  this  difference  of  potential  at 
7  volts.  This  is  apparently  a  fixed  quantity,  and  does  not 
depend  on  the  length  of  the  line. 

If  we  work  out  the  actual  drop  occurring  in  the  rails,  due  to 
the  current  flowing  from  the  cars  to  the  rails,  taking  the  return 
feeder  points  as  half  a  mile  apart,  and  the  other  conditions  as 
given  by  Mr.  Wilkinson  in  his  example  on  page  577  of  his 
original  paper — namely,  a  three-minute  service,  a  speed  of 
74  miles  per  hour,  an  average  current  of  50  amperes  per  car, 
and  70-lb.  rails,  leaving  out  branch  lines— it  comes  to  about 
one-fourth  of  a  volt  in  ordinary  running,  or,  in  the  case  of  cars 
starting  simultaneously,  it  might  be  half  a  volt. 

This  shows  that  we  might  increase  the  distance  apart  of  the 
,  feeder  points,  and  we  do  not  reach  the  allowable  limit  of  7  volts 
until  they  are  about  four  miles  apart — that  is,  assuming  the  cars 
are  running  steadily  at  50  amperes  each ;  but,  in  order  to  allow 
for  the  variation  due  to  the  starting,  &c.,  we  should  probably 
find  the  limit  was  about  half  this,  say  two  miles — i.e.,  as  long  as  vre 
use  the  rails  only  to  collect  the  current  for  the  return  feeders. 

Or  we  might  leave  the  return  feeders  spaced  half  a  mile  apait 
and  send  some  of  the  current  back  by  the  rails,  by  keeping  the 
return  feeder  point  nearest  the  station  7  volts  below  the  most 
distant  one.  It  would  only  take  about  38  amperes  per  rail  to 
give  us  this  drop. 

There  are  two  distinct  ways  in  which  we  can  regulate  the 
potential  of  the  rails  at  the  return  feeder  points — 

1.  By  adjusting  tho  resistance  of  the  return  feeders  so  that 
they  all  have  the  aame  drop  when  equally  loaded 
(i,e,j  considering  a  track  with  cars  equally  spaced  and 
the  feeders  collecting  from  equal  sections).     This,  of 
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course,   is   the   usual   plan   adopted  for  L.T,  feeders 
for  lighting  mains.     The  return  feeders  are  then  run 
in  parallel  at  the  station  off  dynamos  in  parallel. 
2.  The  other  way  is  by  working  the  return  feeders  at  the 
same  density,  and  therefore  with  a  drop  depending 
directly  on  their  length,  and  either  run  off  separate 
d3nfiamos  at  different  voltages  at  the  station,  or  by 
some   device   such   as   is  known    in    the    States   as 
"  boosters." 
This  density  would,  of  course,  be  such  as  to  give  the  least  total 
cost  of  transmission,  namely,  that  which  makes  the  cost  of  energy 
wasted   equal  to  the   depreciation  and  interest   on  the  copper 
laid. 

If  we  take  the  cost  per  kilowatt-hour  at  2d.,  the  cost  of  the 
return  feeders  (armoured  cable)  at  13s,  per  yard  per  1  square  inch 
section,  interest  and  depreciation  at  5  per  cent.,  and  consider  the 
feeders  as  working  12  hours  out  of  the  24  at  this  load,  the  most 
economical  density  works  out  at  about  190  amperes  per  square 
inch.  I  do  not,  of  course,  give  this  as  the  right  figure,  but  only  to 
show  the  sort  of  difference  between  the  two  ways  of  working. 

If  we  consider  a  line  five  miles  long,  starting  a  quarter  of  a 
mile  from  the  station,  and  arrange  all  the  return  feeders  to  work 
at  the  above  economical  density,  the  longest  return  feeder  (five  miles 
long)  will  have  a  drop  of  about  42  volts,  and  the  shortest  (a 
quarter  of  a  mile  long)  about  2  volts, — which  means  that  the 
booster  would  have  to  raise  the  volts  on  the  longest  return  feeder 
40  volts  before  the  two  were  put  in  parallel  on  the  negative 
terminal  of  the  dynamo;  or,  if  we  consider  the  earth  at  0 
potential,  it  would  have  to  raise  the  current  from  —  40  to  —  2,  the 
potential  of  the  negative  terminal  of  the  dynamo. 

If  we  arrange  all  the  return  feeders  in  the  other  way — i.e.,  to 
have  the  same  drop— and  leave  the  longest  return  feeder  the 
same  as  in  the  above  case— i.e.,  with  a  42-volt  drop  and  a  density 
of  190  amperes  per  square  inch — ^the  shortest  return  feeder  must 
also  have  a  drop  of  42  volts,  but  on  a  length  of  only  a  quarter  of 
a  mile,  which  gives  a  density  of  3,800  amperes  per  square  inch. 
Even  if  we  allowed  the  difference  of  7  volts  between  the  two — i.e., 
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bringing  some  150  arnperes  back  by  the  rails — we  should  have  a  Mr.  jenkin. 
drop  of  35  volts  and  a  density  of  3,150  amperes  per  square  inch. 
This  being  too  large,  we  must  either  put  resistance  in  series  with 
the  shorter  return  feeders,  or  increase  the  section  of  the  longer 
ones  so  as  to  reduce  the  drop.  Thus,  if  we  take  the  limit  of 
density  for  the  shortest  return  feeder  at  1,000  amperes  per  square 
inch,  we  have  a  drop  of  1 1  volts  on  the  quarter  mile,  and,  allowing 
the  7  volts  diflFerence,  only  18  volts  on  the  longest  with  a  density 
of  83  amperes  per  square  inch.  This  means  more  than  twice  the 
quantity  of  copper  in  the  longest  feeder  that  is  given  by  the 
economical  density. 

There  is  not  time  to  go  into  difference  of  cost  of  transmission 
in  the  two  cases.  But  it  is  clear  that,  whichever  way  we  alter 
the  return  feeders — either  by  increasing  the  copper  and  decreas- 
ing the  C^  R  loss,  or  vice  versi — the  cost  of  transmission  will  be 
more  than  by  using  return  feeders  all  working  at  the  same 
economic  density  throughout. 

My  object  in  raising  this  question  of  return  feeders  when  the 
rails  are  a  part  of  the  circuit  is  to  point  out  the  necessity  of 
designing  this  part  of  the  circuit  in  a  way  that  will  comply  with 
the  regulations  and  conditions  that  exist  in  this  country.  In 
the  States  the  return  half  of  the  circuit  was  apparently  never 
considered  until  they  found  out  the  damage  that  was  being  done 
to  the  pipes  and  cables. 

All  the  devices  of  rail-bonds  and  supplementary  wires  that  we 
have  heard  so  much  of  are  really  only,  as  it  were,  make-shifts  to 
try  and  mitigate  some  of  the  evils  due  to  a  radically  bad  design. 
Mr.  Parshall  has  told  us  of  a  bond  designed  to  work  satisfactorily 
at  1,000  amperes  per  square  inch.  Supposing  the  bond  to  be  of 
the  same  conductivity  as  the  rail,  this  density  gives  a  drop  of 
44  volts  per  mile  on  the  track  ;  so  that  this  bond  would  only  be 
suitable  for  a  track  some  300  yards  long,  as  with  that  length  we 
should  have  reached  our  7-volt  limit.  In  discussing  all  these 
American  designs,  we  must  consider  them  from  the  point  of  view 
of  their  application  in  this  country,  and  not  from  the  point  of 
view  of  their  merits  as  remedies  for  evils  due  to  bad  design. 

If  we  use  the  single-trolley  system,  we  must  have  the  rails  as 


754  DISCUSSION.  [Dec  18th, 

Mr.  Jenkin.  pait  of  the  circuit,  and  they  must  be  kept  at  nearly  the  same 
potential  throughout,  which  necessitates  either  a  large  capital 
expense  in  laying  down  feeders  which  are  too  big  for  the  current 
they  have  to  carry  (or  the  alternative  of  a  constant  large  C?  R 
loss),  in  order  to  run  the  return  feeders  in  parallel  at  the  station, 
or  it  necessitates  the  use  of  boosters  or  other  machinery,  and  the 
.    consequent  complication  in  case  of  breakdowns.  • 

If  we  use  the  double-trolley  or  three-wire  system,  these 
diflScultiei  disappear,  as  we  can  then  run  the  return  feeders  at  the 
most  economical  density,  and  run  them  in  parallel  at  the  station  ; 
the  diflference  in  potential  along  the  negative  trolley  wire  being 
exactly  similar  to  that  on  the  positive,  and  only  affecting  the 
pressure  attainable  at  the  motor  terminals,  and  the  speed  to  a 
certain  extent. 

In  comparing  the  single-trolley  with  other  systems,  we  must 
consider  the  above  points,  as  they  will  alter  its  comparative 
advantages  and  disadvantages  to  a  great  extent  from  those  which 
exist  at  present  in  the  States. 

Mr- .  Mr.  H.  D.  Wilkinson  (in  reply):  Dr.  N.  8.  Keith  has  given 

Wilkinson.  \  f  J  /  & 

some  details  of  a  mountain  electric  line  in  California  which  are 
of  special  interest  in  this  branch  of  electric  traction.  Besides 
the  application  of  electric  haulage  for  the  counterbalanced  cai-s 
on  the  steep-grade  section,  there  is  an  interesting  application  of 
electric  transmission  of  power  in  lifting  water  to  the  summit  and 
diverting  its  course  to  where  a  fall  is  required. 

I  fully  endorse  the  feelings  of  appreciation  expressed  by  Mr. 
Mark  Robinson  towards  the  many  American  engineers  who  have 
generously  placed  in  my  way  facilities  for  gaining  information 
for  this  paper,  and  especially  towards  Mr.  R,  W.  Blackwell  and 
Mr.  Philip  Dawson  for  the  very  complete  collection  of  up-to- 
date  apparatus  which  they  have  placed  before  us  in  connection 
with  their  paper. 

I  am  very  glad  to  have  the  opinion  of  Mr.  H.  F.  Parshall, 
who  has  been  associated  with  electric  tramway  work  in  the 
States  for  so  long  a  period,  on  the  various  points  raised.  I  think 
the  most  suggestive  remark  made  by  Mr  Parshall  is  that  re- 
ferring  to  the   use   of  motor  transformers.      These  machines  I 
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saw  in  operation  at  the  Columbian  Exposition.  The  high-tension  Mr. 
alternating  current  was  put  into  the  armature  on  one  aide  in 
the  ordinary  way  by  a  pair  of  brushes  bearing  on  a  pair  of  rings, 
and  a  direct  current  at  low  tension  was  collected  by  four  brushes 
from  a  commutator  at  the  other  end  of  the  shaft,  the  commutator 
being  connected  to  the  same  armature — that  is,  one  winding 
doing  for  both  motor  and  dynamo.  The  multipolar  field  was 
excited  in  shunt  oflF  the  commutator  side.  The  core  losses  in 
this  combination  are  exceptionally  small,  and  a  high  eflBciency 
of  transformation  is  obtained.  With  such  sub-stations  as  could 
be  worked  by  these  machines  from  a  central  high-tension  alter 
nating  station,  many  miles  of  line  could  be  economically 
supplied.  The  full  advantage  of  return  feeders  also  could  be 
utilised  without  these  assuming  inordinate  lengths  and  sections, 
because  they  would  simply  return  to  the  sub-stations.  It  is 
gratifying  to  hear  from  Mr  Parshall  that  such  systems  are  being 
successfully  carried  out. 

In  reply  to  Captain  Sankey,  I  should  say  that,  as  far  as  my 
experience  goes,  fractures  of  fly-wheels  have  been  mostly  due  to 
excessive  centrifugal  force,  and  I  am  not  aware  that  any  have 
been  directly  traced  to  the  strain  on  the  periphery  when  a 
dynamo  driven  by  belt  has  suddenly  pulled  up.  I  am  in 
accordance  with  Captain  Sankey  in  his  statement  that  the  energy 
is  dissipated  in  the  belt.  The  belt,  by  slipping,  takes  up  the 
energy  of  the  fly-wheel  in  the  same  way  as  the  band  round  a 
brake  pulley  takes  up  the  energy  in  that  pulley.  Yet  fractures 
do  occur  in  the  spokes  of  brake  wheels  at  times,  and  it  is 
conceivable  that  the  strains,  although  not  suflScient  in  a  well- 
designed  fly-wheel  to  directly  cause  fracture,  may,  after  frequent 
occurrence,  cause  such  a  set  in  the  molecules  in  the  direction  of 
stress  that  when  the  direction  of  strain  is  reversed  in  racing  the 
metal  is  more  liable  to  give  way. 

I  am  much  gratified  that  this  line  of  criticism  taken  up  by 
Captain  Sankey  has  led  him  to  go  into  the  question  of  crank-shaft 
strains  in  engines  directly  coupled  to  djmamos,  and  to  give  us  the 
actual  stress  in  tons  per  square  inch  on  a  crank-shaft  suddenly 
pulled   up.      The  curves   for    both    single-    and    double-acting 
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engine  crank-fihafb  stresses  corresponding  to  various  angles  of 
stoppage  after  a  sudden  load  are  of  great  practical  value,  as  they 
show  that  the  utmost  conceivable  strain  due  to  short-circuit 
of  a  direct-coupled  engine  and  dynamo  is  well  within  the 
elastic  limit  of  the  steel  crank-shaft.  This  shows  that  the 
advantages  of  coupling  engine  and  generator  shafts  rigidly 
together,  claimed  by  Mr.  Parshall,  is  in  no  way  detracted  fix)m  by 
any  possibility  of  the  engine  crank-shaft  coming  to  grief  under 
sudden  loaHs,  even  with  very  moderate  fly-wheel  protection. 
The  conclusion  is  that  with  proper  regard  to  the  mechanical 
strength  and  insulation  of  the  armature  the  direct-coupled  set  can 
be  made  perfectly  safe  against  any  short-circuit. 

In  reply  to  Mr.  B.  M.  Jenkin,  I  would  say  that  in  the 
statement  that  the  current  will  be  kept  within  the  rails  and 
return  feeders  by  the  latter  being  inavlated,  I  alluded  to  the 
current  which  otherwise  (namely,  when  return  feeders  are  not 
used)  would  find  direct  paths  through  the  earth  to.  the  power 
station  as  well  as  by  the  rails.  This  is  the  current  we  have  to 
consider,  as  it  forms  no  inconsiderable  amount  when  metallic 
earth  paths,  such  as  pipes  and  cables  of  low  resistance,  are 
present  between  the  power  station  and  different  points  on  or  near 
the  line.  The  shunt  path  through  earth  on  the  rails  as  a  whole 
must,  of  course,  exist  in  any  system  where  the  rails  are  not 
insulated,  even  in  the  three.wire  system ;  but  in  fece  of  the  rail 
conductivity  as  compared  with  that  of  the  earth  it  appears 
unlikely  that  any  appreciable  current  flows  through  the  earth  as 
a  shunt  on  the  rails  unless  at  bad  joints  in  the  rails,  as  stated. 
But,  whatever  the  earth  shunt  current  may  be,  it  becomes  some-^ 
thing  extremely  small  when  the  drop  in  the  rails  is  reduced  by 
the  use  of  return  feeders.  This  current  is  not,  of  course,  affected 
by  insulation  on  the  return  feeders.  On  the  other  hand,  as 
Mr.  Jenkin's  remarks  bear  out,  the  return  feeders  used  for 
establishing  points  on  the  rails  at,  or  nearly  at,  the  same 
potential  must  be  insulated.  This  is  precisely  what  I  have 
advocated  in  Stage  5  of  my  supplementary  paper.  The  return 
current,  instead  of  flowing  along  the  rails  and  by  the  earth 
to  the   power  station,  is  collected   towards   the   feeding  points 
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in  virtue  of  their  connection  to  the  negative  poles  of  the  xr. 
generators,  the  potential  of  which,  when  the  feeders  are  insulated, 
is  below  that  of  the  earth.  Mr.  Jenkin  has  gone  a  step  further, 
and  discussed  the  relative  advantages  of  feeders  on  the  basis  of 
uniform  drop  or  uniform  density.  The  boosting  up  of  the  return 
feeders  necessary  to  run  generators  in  parallel  when  the  former 
are  on  a  uniform  density  basis  introduces  another,  or  several  other, 
undesirable  additions  to  the  regulating  apparatus.  On  the  uniform 
drop  basis,  Mr.  Jenkin  shows  a  very  great  disparity  between  the 
densities  on  the  nearest  and  furthest  feeders,  allowing  for  the 
limit  of  7  volts  drop  on  the  rails.  He  finds  that,  with  a  density 
limit  of  1,000  on  the  short  feeder,  the  density  on  a  five-mile  feeder 
must  not  exceed  83.  If  the  first  limit  were  raised  to  1*500  the 
latter  would  still  be  as  low  as  114,  keeping  the  drop  of  7  volts 
on  the  rails  constant. 

The  amount  of  copper  required  for  these  low  densities  and 
long  lengths  (in  accordance  with  the  rule  for  fixed  drop  on  the 
rails  for  any  distance)  renders  the  cost  of  feeders  prohibitive  for 
more  than  a  few  miles,  and  points  to  ther  desirability  of  using 
high-tension  alternating  currents  to  drive  commutating  dynamos 
at  feeding  points,  as  Mr.  Parshall  informs  us  is  now  being 
successfully  carried  out  in  the  States.  Even  a  smaller  drop,  but 
limited  to  a  given  amount  per  mile  of  rail,  would  considerably 
reduce  the  cost  of  long-distance  feeders  by  making  it  possible 
to  work  them  at  a  higher  density.  As  the  limit  is  now  fixed, 
the  greater  the  length  of  line  the  less,  proportionately,  must  be 
the  current  returned  by  the  rail. 

Regarding  the  point  raised  by  Mr.  Jenkin  as  to  the  use  of  the 
supplementary  wire,  I  had  in  view  cases  where  currents  passing 
by  earth  would  find  no  metallic  pipes  to  operate  upon,  such  as 
would  exist  in  lines  crossing  commons  or  other  open  spaces,  or 
communicating  between  small  towns.  Under  these  circumstances 
I  think  the  earth  path  may  be  favoured  and  metal  saved,  especially 
where  it  is  convenient  to  place  the  power  station  one  or  two  miles 
from  the  nearest  point. 

Mr.   Jenkin   has   supposed  me  to   confuse    increase  of    rail 
conductivity    with    a    return    feeder;    but   I   think   the    above 
VOL.  xxiii.  63 
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Mr.  explanation  will  make  it  clear  that  the  two  methods  of  return 

are  not  bound  to  be  considered  similar  because  one  is  stated  to  do 
nearly  as  well  as  the  other  in  certain  cases. 

In  reply  to  Mr.  Arthur  £•  Childs,  I  am  glad  he  has  pointed 
out  some  of  the  particular  conditions  in  which  an  earth  path  is 
satisfactory,  and  especially  for  information  on  the  methods 
adopted  at  Williamsport  and  Middletown.  The  only  logical 
inference,  however,  that  can  be  drawn  from  Mr.  Childs's  remarks 
on  Mr.  Rostron's  experiments  appears  to  be  that  the  current 
passing  to  earth  by  the  plates  on  the  line  found  a  better 
conductivity  in  pipes  than  the  earth,  which  accounts  for  the 
current  received  by  the  station  earth  plate  being  so  much  less 
than  the  total  current  passed  into  the  earth  plates.  I  am  much 
gratified  to  hear  from  Mr.  Childs  that  electric  traction  has 
extended  to  such  an  extent  in  the  Quaker  City. 

I  am  sure  the  members  of  this  Institution,  as  well  as  myself, 
are  very  glad  to  receive  a  communication  from  Mr.  Alfred 
Dickinson  on  the  subject  under  discussion.  Mr.  Dickinson  is 
well  known  as  the  designer  and  constructor  of  the  trolley  line  in 
South  Stafibrdshire ;  and  I,  in  common  with  others,  am  exceed- 
ingly pleased  to  have  the  advantage  of  his  views  od  the  systems 
under  disoussion. 

As  regards  cost  of  construction  of  overhead  and  conduit  Udcs, 
my  estimates  were  based  on  American  practice.  For  instance, 
taking  the  conduit  system,  the  actual  cost  of  the  3^  miles 
of  single  track  laid  in  Washington  was  £28,600,  including 
conduit,  rails  and  permanent  way,  cables,  power  station,  gener- 
ating plant,  land,  and  rolling  stock.  Including  all  these  items, 
therefore,  and  everything  that  goes  to  make  a  complete  equip- 
ment, the  total  cost  was  £8,800  per  mile  of  single  track.  The 
track,  rails,  conduit,  and  cables  for  which  I  have  estimated 
constitute,  therefore,  only  a  portion  of  this  expenditure.  There 
would  be  about  50  tons  to  the  mile  of  32-lb.  steel  slot  rails, 
100  tons  of  70-lb.  steel  running  rails,  160  tons  of  cast-iron  yokes 
and  shields,  7  tons  offish-plates,  bolts  and  nuts,  costing  approxi- 
mately £2,250  delivered;  the  conductors  and  insulators  fixed 
would  cost  about  £280;   gear  for  taking  up  expansion,  £120; 
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manholes,   £350;    leaviDg  £1,000    for  excavating,   laying,  and  >J][j^.^^ 
repaying. 

As  Mr.  Dickinson  points  out,  the  tortuous  character  of  roads  in 
this  country  renders  construction  work  more  difficult  than  on  the 
straight  American  roads,  and  the  conditions  as  to  track-laying 
and  repaying  imposed  by  large  local  authorities  are  more 
exacting.  The  item  of  paving  alone  as  done  in  this'  country  is 
a  very  large  one,  costing  in  some  cases  as  much  as  10s.  to  12s. 
I)er  square  yard,  and  bringing  the  cost  of  the  8-foot  way  to 
£2,300  to  £2,800  per  mile.  This  affects  both  overhead  and 
underground  lines,  and  an  extra  amount  has  to  be  added  in 
estimates  for  English  lines  depending  upon  local  regulations  in 
this  respect.  Excavation  also  costs  somewhat  more  in  this 
country  owing  to  the  better  metalling  of  the  roads.  The  amount 
to  allow  depends  entirely  ui)on  the  conditions  in  each  particular 
case,  but  I  think  the  work  can  be  done  well  in  a  conduit  system 
without  going  to  the  high  figures  mentioned  by  Mr.  Dickinson. 
Mr.  Dickinson  gives  us  a  record  of  the  fewness  of  short-circuits 
on  the  South  StaflFordshire  line,  which  is  a  source  of  gratification 
as  evidence  of  good  design  and  material  put  into  the  work. 

I  am  pleased  that  Mr.  Dickinson  has  told  us  the  chief  points 
of  advantage  in  the  side  trolley  wire,  with  which  I  am  fully  in 
agreement,  having  carefully  followed  the  constructional  details 
at  the  time  the  line  was  first  started.  With  regard  to  fire- 
escapes,  I  think  it  has  long  been  a  necessity  to  have  the  entire 
gear  on  four  wheels,  capable  of  being  drawn  quickly  by  horses 
to  the  scene  of  a  fire,  instead  of  the  present  vertical  form  pushed 
by  hand.  I  have  witnessed  fires  in  the  city  of  Chicago  where 
the  fire-escapes  were  drawn  by  horses,  and  arrived  at  the  scene 
simultaneously  with,  if  not  before,  the  engines.  Once  drawn  up 
at  the  curb,  it  took  but  a  few  seconds  to  raise  the  ladder  to  any 
point  on  the  building.  Mr.  Ferranti  has  also  ably  discussed  this 
question;  and  I  am  sure  that  the  adoption  of  such  a  system 
would  be  a  great  safeguard  to  the  community  at  large,  and  at 
the  same  time  remove  one  source  of  prejudice  against  the  over- 
head trolley. 

I  am  indebted  to  Mr.   Gr.   C.   Lundberg   for  detailing  his 
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Mr.  experience  of  the  Bentley-Knight  overhead  double-trolley  system 

in  Allegheny,  Pa.,  more  especially  as  I  have  not  been  able  in  the 
limited  scope  of  my  paper  to  aflFord  myself  the  pleasure  of  sketch- 
ing the  work  accomplished  by  America's  great  pioneers  in  this 
field.  But  the  names  of  Messrs.  Daft,  Bentley,  Knight,  Van 
Depoele,  and  Sprague  are  well  known  in  our  country,  and  to  a 
great  extent  also  the  pioneer  work  they  accomplished,  and  they 
can  never  cease  to  receive  from  us  the  recognition  they  so 
deservedly  merit. 

In  reply  to  the  point  raised  as  to  the  collector  on  the 
Washington  cars  meeting  with  obstructions  in  the  slot,  thi& 
is  taken  care  of  by  a  cleaning  knife  carried  by  the  car  in  advance 
of  the  collector,  and  the  latter  is  stong  enough  to  carry  away 
anything  that  is  passed  by  the  knife. 

In  reply  to  Mr.  William  Geipel,  I  think  one  cause  why  more 
difficulty  has  not  been  met  with  in  the  expansion  of  welded  rails 
may  exist  in  the  fact  that  the  area  of  a  tram  rail  is  for  the  most 
part  buried  in  earth,  and  thus  surrounded  by  a  heat-conducting 
medium,  whereas  the  rails  on  our  steam  roads  are  dependent  almost 
entirely  upon  radiation  for  the  dissipation  of  heat.  But  should 
difficulties  arise  (and,  as  Mr.  Lundberg  has  remarked,  the  extreme 
temperature  ranges  in  America  test  such  a  system  in  the  severest 
possible  way),  it  will  only  slightly  increase  the  cost  of  welding  to 
make  two  welds  to  a  joint  instead  of  one,  and  allow  a  loop  for 
expansion,  the  rails  not  being  butted.  Thus  the  joint  wiU  be 
perfect,  and  expansion  provided  for. 

The  question  of  current  leaving  the  rail  and  going  to  earth 
depends,  of  course,  upon  the  comparative  resistance  of  rail  and 
earth  between  the  points  considered.  If  the  conductivity  of  the 
earth  is  increased  by  rains,  or  the  conductivity  of  bond  joint  a 
reduced  by  age  or  electrolysis,  the  current  going  to  earth  i» 
increased.  Again,  if  the  current  returned  by  the  rail  ia 
increased,  say  by  the  addition  of  more  cars,  or  extending  the 
line,  the  current  in  the  rail  and  the  earth  path  is  simul- 
taneously increased.  This  increase  of  density  in  the  rails  and 
bonds  is  therefore  accompanied  by  larger  earth  currents,  as  well 
as   increased   volt  loss  and  heating  in  the  bonds.     In  advocat- 
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ing  that  the  density  in  the  bonds  should  not  exceed  2,000  ^.^^i„^„, 
amperes  per  square  inch,  I  did  not  intend  to  advance  this  as 
the  mest  economical  maximum  limit,  but  a  limit  that  would 
prevent  heating  at  bond  joints  and  undue  electrolytic  action 
thereon,  the  effect  of  which  is  to  increase  the  resistance  and  send 
more  current  by  the  earth.  The  expressions  "crowding  out** 
and  "shedding"  of  current,  to  which  Mr.  Greipel,  with  some 
reason,  takes  exception,  were  intended  to  express  concisely  the 
effects  described ;  but  I  do  not  think  it  necessary  to  vindicate  such 
terms  so  long  as  it  is  understood  that  the  effects  they  were 
intended  to  describe  follow  the  law  of  derived  circuits. 

However  much  return  current  we  have  to  deal  with,  it  is  cer- 
tainly not  only  more  economical,  as  Mr.  Geipel  points  out,  but 
also  safer  as  regards  earth  currents,  to  keep  down  the  density  in 
the  rails  and  bonds.  Without  stating  any  economical  limit,  I 
advocated  the  use  of  insulated  return  feeders  for  this  purpose, 
and,  considering  the  regulation  limit  of  7  volts  drop  on  the  rails, 
which  keeps  the  current  returned  by  this  path  within  small  limits, 
I  should  consider  it  unadvisable  to  put  bonds  of  such  small  sec- 
tional area  as  would  much  exceed  the  density  suggested  by  Mr. 
treipel.  If,  on  the  other  hand,  the  current  returned  by  the  rails 
amounted  to  thousands  of  amperes,  as  in  America,  instead  of  a 
hundred  or  two,  I  should  say  that  a  great  deal  of  the  trouble  now 
going  on  would  be  eliminated  if  the  density  were  kept  down  to 
2,000  at  the  very  outside. 

I  am  much  indebted  to  Mr.  Holroyd  Smith  for  describing  some 
of  the  ingenious  overhead  appliances  he  has  devised,  and  I  am 
gratified  to  learn  that  Mr.  Smith's  experience  hears  out  the  con- 
clusions I  have  arrived  at  by  observation  of  American  practice. 
As  regards  the  kind  of  trolley  pole  for  top-seated  cars,  I  think 
that  the  simple  American  form  is  not  prohibitive,  as  stated  by 
Mr.  Smith  ;  but,  at  the  same  time,  the  placing  of  the  pole  at  the 
back  does  not  altogether  effect  the  object  desired,  as  the  trolley 
wire  must  be  shielded  if  centrally  suspended.  With  regard  to  Mr. 
Smith's  remarks  on  the  American  conduit  system  described  in  my 
paper,  I  think  the  matter  is  best  looked  at  from  the  practical 
point  of  view.     It  must  not  be  possible  to  cause  interference  of 
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traffic  by  rain,  snow,  street  sweepings,  obstructions  in  the  slot,  or 
changes  of  temperature,  and  the  travelling  contact  must  be  as 
frictionless  as  possible  to  prevent  loss  of  power  and  excessive  wear 
of  the  conductors,  while  at  the  same  time  an  unintermittent 
contact  is  maintained.  The  details  of  the  Washington  line 
appeared  to  me  to  be  very  &vourable  to  these  conditions,  and  I 
judged  that  the  members  of  this  Institution  would  like  to  be  made 
aware  of  its  chief  features. 

Major-Greneral  Webber  has,  I  think,  touched  upon  a  useful 
field  for  storage  batteries  in  lines  of  small  gauge  and  infrequent 
traffic,  where  it  might  pay  to  put  down  a  small  charging  plant, 
instead  of  one  of  sufficient  power  to  work  the  line  direct. 

I  have  listened  with  great  interest  to  the  remarks  of  Mr.  F.  F. 
Eobinson,  Mr.  Lea,  Mr.  McGraw,  Dr.  S.  P.  Thompson,  Mr. 
Ferranti,  Mr.  Carruthers  Wain,  Mr.  Sharpe,  and  Mr.  Dallas. 
The  remarks  made  by  the  President  of  the  Tramways  Institute 
give  us  information  of  what  is  being  done  and  experimented  with 
in  this  country,  and  are  very  suggestive  of  future  developmentfl. 
The  wishes  expressed  by  Mr.  Carruthers  Wain  with  reference  to 
the  Board  of  Trade  Conference  cannot  but  instil  confidence  as  to 
the  readiness  of  the  tramway  companies  to  adopt  improved 
methods  of  working. 

In  conclusion,  I  can  only  express  my  gratification  at  the 
reception  you  have  given  the  papers  presented  on  this  subject, 
and  the  hope  that  they  may  prove  to  have  been  the  means  of 
adding  an  interest  and  stimulus  to  the  development  of  electric 
traction. 

Mr.  P.  Dawson  (in  reply)  :  In  replying  for  Mr.  Blackwell  and 
myself,  it  is  my  pleasant  duty  to  express  how  much  indebted  we 
are  to  you,  both  for  the  courteous  hearing  and  the  kindly  criticism 
you  have  accorded  us. 

As  Mr.  Mark  Robinson  has  justly  said,  the  financial  aspect  of 
electrical  traction  is  of  paramount  importance. 

It  may  be  interesting  to  give  some  results  obtained  in  America 
and  on  the  Continent.  From  a  careful  analysis  of  a  large  number 
of  electric  railway  accounts,  we  find  that  the  average  working  cost 
per  car  mile,  exclusive  only  of  interest  on  capital,  is  approximately 
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64d.  in  America  and  54cL  in  Europe,  and  that  the  ratio  of  working  Mr. 
expenses  to  receipts  in  both   countries  is  approximately  60  per 
cent. 

In  contrast  with  this,  we  have  the  working  costs  per  car  mile 
of  the  horse  and  steam  tramways  as  being  lOd.  per  car^mile,  and 
the  ratio  of  expenses  to  receipts  over  80  per  cent. 

We  have  prepared  a  comparative  table  of  American  and 
Eoropean  electric  roads,  and  a  summary  showing  the  probable 
advantage  to  accrue  to  the  English  tramway  investor  when  elec- 
tricity is  substituted  for  horse  and  steam  as  a  motive  power : — 


Kame  of  Electric  Line. 

Ratio  of 

Working 

Expenses  to 

Receipts. 

Total  Working 
Cost  in  Pence  per 
Car  Mile,  Intereot 

on  Capital  alone 
excepted. 

U.  S.  A.     .. 

Pittsburgh,  Pa.  ..     .. 

Per  Cent. 
7M 

6-12 

„          ... 

Chicago,  Dl.              ... 

40-0 

6-80 

}f 

Rochester 

48-62 

5-53 

England     ... 

Liverpool  Overhead  .. 

73-0 

4-35 

„ 

CSty  and  South  London 

64-0 

5-31 

„ 

Bessbrook,  Newry     . . . 

••• 

3-97 

„ 

Boundhay  Road,  Leeds 

... 

5-55 

„ 

South  Staffordshire 
Electric        

••• 

4-06 

99 

Guernsey,  Channel 

Isles      

54-45 

6-22 

Germany  ... 

Halle 

54-50 

2-62 

» 

Frankfort-on-Main    ... 

70-0 

4-60 

Switzerland 

Murren      

50-0 

4-00 

France 

Marseilles 

60-0 

6-68 
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Name  of  Hone  Tramway. 

Katio  of  Operating 
EzpensMto  Receipts 

Total  Coat  in  Pence 
per  Car  Mile. 

All  Lohdon  Tramways    ... 

Per  Cent. 
82-7 

9-8 

Binningham,  Midland   ... 

81-22 

13-22 

„            Central     ... 

76-79 

9-96 

Dublin  United 

73-80 

9-77 

Dundee 

73-75 

10-78 

Leicester ... 

83-78 

9-80 

Sheffield 

79-85 

9-95 

Newcastle  and  Gosforth  .. 

90-51 

11-25 

The  following  summary  of  73  English   horse   tramways  has 
been  worked  out  from  "Duncan's  Tramway  Annual"  for  1893  :— 

Nnmber 

of  Lioeiu 

14 


Ratio  of  Operating  Expense*  to  Receipts. 
Per  Cent. 
80 


13 
13 
8 
8 
4 
4 
4 
2 
2 
1 


75  to 
80  „ 
70  „ 
90  „ 
85  „ 
95  „ 
65  „ 
60  „ 
100  „ 
55  „ 
40   „ 


85 
75 
95 
90 

100 
70 
65 

105 
GO 
45 


The  following  summary  of  45  English  horse  lines  is  compiled 
from  the  same  authority : — 

Nomber 
of  Lines. 


14 
12 
8 
5 
3 
2 


Working  Expenses  in  Pence 

per  Car  Mile. 

8  to     9 


10 
12 

7 
6 


10 

12 

14 

8 

7 
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In  the  State  of  Massachusetts,  U.S  A.,  the  capital  invested  in  Mr. 
street  railways  in  1888  (the  year  preceding  the  introduction 
of  electrical  motive  power)  was  £2,251,602,  and  the  average 
dividends  paid  were  5'74  per  cent.  By  the  end  of  1893  the 
capital  invested  had  risen  to  £5,349,272,  and  the  average  dividends 
to  6'63  per  cent. 

In  1888  the  average  ratio  of  operating  expenses  to  receipts 
was  81-07  per  cent.  This  had  decreased  in  1893  to  69-26  per 
cent.  The  net  earnings  in  1888  were  2-78  pence  per  car  mile. 
In  1893  they  were  4-82  pence,  or  nearly  double.  The  net 
earnings  per  passenger  carried  in  1888  were  0-48  pence.  In  1893 
they  were  0*78  pence.  The  total  track  mileage  in  1888  was  534 
miles,  all  horse  or  steam.  In  1893  there  were  874  miles  of  track, 
of  which  711  miles  were  electric.  The  total  capitalisation  per 
mile  of  track  was  £11,000  per  mile  in  1893. 

It  must  be  borne  in  mind  that  the  introduction  of  electricity 
virtually  meant  the  entire  reconstruction  of  many  existing  roads, 
and  heavy  sums  being  paid  to  obtain  extended  franchises ;  besides 
which,  the  first  electric  roads  were  largely  experimental,  and  were 
practically  entirely  re-equipped. 

It  would  seem  that  these  figures  should  carry  conviction. 

Dr.  Keith,  to  whose  exertions  is  due  the  existence  of  the 
American  Institution  of  Electrical  Engineers,  an  association 
closely  patterned  upon  this  Society,  has  given  us  valuable 
memoranda  of  his  experience  in  steep -grade  traction.  As 
supplementing  his  remarks  and  the  interesting  paper  by  Dr. 
Preller  on  this  specific  department  of  traction  work,  we  would  say 
a  few  words. 

To  show  what  electric  motors  can  do  on  gradients,  we  have 
put  up  the  profile  of  a  line  at  San  Francisco,  visited  last  summer. 
The  road  has  in  all  five  miles  of  double  and  seven  miles  of  single 
track.  Thirty  motor  cars  are  operated.  The  power-house  plant 
consists  of  two  550  triple-expansion  condensing  engines  of  the 
Corliss  type,  driving  by  ropes  a  counter-shaft  to  which  the  genera- 
tors are  belted.  A  steam  pressure  of  150  lbs.  to  the  square  inch  is 
used.  Eight  per  cent.,  9  per  cent.,  and  10  per  cent,  grades  are 
long  and  frequent,  and  occasional  grades  of  11  percent,  and  14 
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per  cent,  are  encountered.  From  tests  given  to  us  at  San  Fran- 
cisco by  Mr.  Babcock,  chief  engineer  of  the  General  Electric 
Company  in  that  city,  the  following  figures  are  quoted : — ^The  car 
experimented  with  was  26  feet  long  over  all,  and  equipped  with 
two  motors  of  the  "  W.P.  50"  type,  and  rated  at  15  H.P.  each. 
The  total  weight  was,  approximately,  8  tons.  On  a  7  per  cent, 
grade,  the  current  varied  between  90  and  130  amperes,  at  a 
voltage  of  505  to  445  volts.  On  an  11  per  cent,  grade,  the  current 
varied  from  100  to  160  amperes,  and  the  voltage  from  450  to 
395  volts.  The  average  speed,  stoppages  included,  on  a  run  of 
5^  miles,  was  8^  miles  an  hour.  The  maximum  electrical  horse- 
power taken  ifrom  the  trolley  wire  by  the  car  was  91'14  E.H.P., 
and  the  average  E.H.P.  during  the  trip  was  47-70  E.H.P. 

On  the  Metropolitan  Electric  Street  Railway  of  San  Francisco 
there  are  several  11  and  12  per  cent,  grades,  and  one  of  13*82 
per  cent.,  all  of  which  are  easily  mounted  by  the  electric  cars  by 
natural  adhesion  alone. 

At  Portland,  Oregon,  the  electric  cars  ascend  several  gradients 
of  10  and  12  per  cent. 

At  Seattle,  Washington,  grades  up  to  17  per  cent,  are 
surmounted  by  electric  cars.  In  this  case,  however,  a  counter- 
weight running  in  a  trench  under  the  centre  of  the  track  is 
used. 

This  counter-weight  is  mounted  on  a  small  truck  attached 
to  an  endless  wire  rope,  supported  on  small  carrying  pulleys, 
and  running  over  terminal  pulleys  at  each  end  of  the  grade, 
one  of  which  pulleys  is  mounted  on  a  tension  car  which  takes 
up  the  slack  in  the  rope.  A  car  descending  the  grade  is  attached 
to  the  cable  through  a  slot  in  the  roadway,  and  pulls  the  counter- 
weight up.  The  weight  is  held  at  the  top  till  an  ascending  car 
is  attached  to  the  cable,  when  it  is  allowed  to  descend,  and  helps 
to  haul  the  car  up. 

There  are  any  number  of  electric  roads  operating  long  grades 
of  from  5  to  10  per  cent.,  and  pajdng  well. 

In  fact,  many  American  electric  roads  would  come  under  the 
title  of  steep-grade  traction. 

A  pioneer  in  electric  traction  work  like  Mr.  Holroyd  Smith 
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cannot  but  give  us  valuable  information,  and  the  exhibits  he  has  mi. 
shown  are  most  interesting.  It  is  a  curious  fact  that  the  ongmal 
desire  of  American  engineers  was  to  perfect  and  put  in  opera- 
tion a  conduit  system,  and  that,  starting  with  the  sub-surface 
conductor,  the  process  of  evolution  has  resulted  in  the  overhead 
trolley-wire  system.  We  much  question  whether  the  Buda-Pesth 
conduit,  so  much  discussed  of  late,  has'any  features  which  entitle 
it  to  rank  as  the  equal  of  the  conduit  system  which  was  finally 
discarded  in  the  United  States  in  1889.  Where  a  conduit  is 
advisable,  it  is  our  belief  that  the  cable  system  possesses  greater 
advantages  than  electricity,  and  we  have  yet  to  find  any  proof 
that  a  thoroughly  workable  and  permanent  electric  conduit  tram- 
way construction  has  been  developed  except  at  practically  pro- 
hibitive expense,  and  at  the  cost  of  disfiguring  the  streets  and 
inconveniencing  the  public  to  a  much  greater  extent  than  can 
possibly  result  from  the  trolley-wire  system. 

General  Webber  and  Professor  Silvanus  Thompson  have  called 
to  your  attention  the  economic,  social,  and  hygienic  side  of 
electric  traction.  It  is  undeniable  that  one  of  the  most  pressing 
needs  of  the  present  day  is  the  extension  of  rapid  transit  to  such 
a  degree  as  will  enable  the  possible  residential  zone  surrounding 
our  great  cities  to  be  greatly  increased.  From  every  point  of 
view  it  is  of  overwhelming  importance  that  our  great  working 
class  be  given  facilities  which  will  enable  them  to  live  in 
accessible  surburban  districts,  and  which  will  lessen  the  ever- 
increasing  overcrowding  of  our  centres  of  population. 

The  electric  tramway  has  effected  this  object  in  America  to 
the  fullest  extent,  and  has  brought  the  blessing  of  pure  air  and 
healthful  life  to  thousands  to  whom  it  first  became  attainable 
through  the  trolley  wire  and  the  motor  car. 

That  the  agricultural,  mining,  manufacturing,  and  fishing 
districts  are  clamouring  for  light  railways  you  all  know.  It  is 
manifestly  absurd  that  regulations  designed  for  the  government 
of  trunk  hue  steam  railways  should  stand  in  the  way  of  their 
being  granted  the  relief  they  need. 

Mr.  Carruthers  Wain  is  fighting  a  good  fight  in  the  interest 
of  electric  traction,  or,   rather,   of  that   system   of  mechanical 
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traction  which  can,  in  a  fair  field,  prove  itself  the  best.  It 
certainly  is  the  duty  of  the  members  of  this  Institution  to  aid 
him  in  every  way  which  may  lie  in  their  power. 

Mr.  Ferranti  has  remarked  on  the  possible  obstruction  oflFered 
to  fire-escapes  were  the  trolley  wire  brought  into  general  use. 
Curiously  enough,  it  never  occurred  to  the  American  mind  that 
the  proper  way  to  carry  a  ladder  was  in  a  perpendicular  position ; 
and  I  question  whether  any  of  us  would  think  of  that  method  if 
we  were  called  upon  to  transport  one  for  any  distance.  In 
America,  fire  is  a  danger  of  much  more  moment  than  it  ever 
has  been  or  ever  will  be  here;  but  running  a  Utdder  through 
the  streets  on  end  was  never  heard  of  tliere,  even  before  the  days 
of  the  first  elevated  wire. 

While  no  such  extended  use  of  electric  motive  power  has  yet 
been  made  in  Europe  as  is  the  case  in  America,  the  results  so  far 
attained  are  by  no  means  trifling.  At  present  there  are,  roughly 
speaking,  nearly  1,300  cars  propelled  by  electric  motors,  500 
miles  of  trolley  wire  already  in  use,  and  25,000  steam  horse-power 
in  electric  tramway  station  plant.  Contracts  are  already  in 
existence  for  1,000  additional  motor  cars,  400  more  miles  of 
track,  and  18,000  steam  horse-power  in  station.  These  figures 
are  approximate,  but  they  are  very  close  approximations,  and 
based  upon  exceedingly  careful  investigation.  If  we  are  not 
greatly  mistaken,  electric  traction  will  progress  on  the  Continent 
during  the  next  year  or  so  almost  as  fast  as  it  has  in  the  United 
States.  The  contracts  now  signed  for  new  work  in  Europe  are 
practically  equivalent  to  all  that  has  heretofore  been  done  on 
this  side  of  the  Atlantic. 

It  is  an  error  to  refer  to  motor  cars  as  being  inapplicable  to 
narrow  and  crooked  streets.  While  it  is  undoubtedly  true  that 
many  American  cities  rejoice  in  broad  avenues,  the  electric  tram- 
ways run  through  many  narrow  streets  as  well.  In  the  old 
Ontinental  towns  which  now  have  adopted  the  trolley  system,  the 
lines  run  through  many  streets  as  narrow  and  tortuous  as  are  to 
be  found  in  any  English  town.  In  one  notable  instance — at 
Essen — the  tramway  passes  through  streets  13  feet  wide  between 
house  fronts,  and  only  1 1  feet  wide  between  curbs. 
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The  statement  made  by  Mr.  Parshall  as  to  the  entire  safety  Mr 

*"  Dawson. 

of  a  speed  in  crowded  streets  of  six  miles  per  hour,  and  of  1 5 
.miles  per  hour  in  residential  and  suburban  districts,  is  wholly 
correct.  No  serious  protest  has  ever  been  made  in  America  or 
on  the  Continent  against  such  speeds,  and  accidents  there  are 
less  frequent  than  in  European  cities  where  horse  traction  is  used. 

The  torque  curve  shown  of  a  three-phase  induction  motor  is 
extremely  interesting,  and  proves  that  for  the  present,  at  any 
rate,  this  type  of  motor  is  useless  for  tramway  work.  As  Mr. 
Parshall  points  out,  however,  alternating  currents  will  be  used  to 
great  advantage  in  transmitting  the  required  energy  for  long 
distances.  When  it  has  arrived  at  its  destination  it  can  then  be 
transformed  into  direct  current  for  working  the  tramways.  Tliis 
is  now  being  done  on  a  very  large  scale  at  Portland  (Oregon),  an  I 
the  best  results  are  expected. 

Mr.  Parshall  has  also  given  us  some  exceedingly  valuable 
figures  for  ready  reckoning.  His  experience  as  the  designer  of 
the  electric  power  plant  employed  so  successfully  in  the  greatest 
tramway  stations  of  the  United  States  enables  him  to  speak  with 
authority. 

We  are  glad  that  Mr.  Lundberg  has  taken  part  in  the  dis- 
cussion, and  given  us  the  benefit  of  the  extensive  practical 
experience  with  line  construction  which  he  acquired  while 
working  with  the  pioneer  American  companies.  No  one  could 
spei^k  &om  a  more  thorough  acquaintance  with  the  early  difficulties 
encountered,  and  the  manner  in  which  they  were,  little  by  little, 
overcome. 

In  the  course  of  a  few  remarks  made  before  this  Society  in 
1892,  during  the  discussion  of  a  paper  on  traction  read  by  the  late 
Anthony  Eeckenzaun  (himself  one  of  the  first  to  devote 
attention  to  electrical  motive  power),  Mr.  Black  well  called 
attention  to  the  carbon  brush  mentioned  by  Mr.  Dallas,  and  to  the 
debt  owed  to  Professor  Forbes,  its  inventor,  by  all  electric  tram- 
way operators. 

The  cordial  invitation  to  visit  America  extended  by  Mr. 
McGraw  is  worthy  of  acceptance,  and  we  speak  as  having  ex- 
perienced his  hospitality  at  former  Street  Railway  Conventions. 
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Electricians  owe  a  debt  to  Mr.  McGraw,  and  to  his  Street  Baihoay 
Joumalj  for  having  consistently  urged  the  advantages  of 
electric  traction,  and  for  having  developed  a  series  of  publications 
which  have  been  of  the  greatest  possible  practical  value  to 
manufacturer,  constructor,  operator,  and  investor. 

We  believe  it  to  be  impossible  that  an  engineer  who  now 
visits  America  (or,  for  that  matter,  the  recent  Continental  instal- 
lations) can  tail  to  be  impressed  by  the  fact  that  England 
cannot  afibrd  to  disregard  longer  the  wonderful  results  that  have 
been  attained,  or  to  recognise  how  vastly  the  demonstrated 
advantages  of  electrical  traction  outweigh  all  the  possible 
objections  that  can  be  urged  to  its  extended  introduction. 

Dr.  Du  RiGHE  Preller:  It  may  be  convenient  if  I  reply 
seriatim  to  the  more  important  points  which  have  been  raised  in 
the  course  of  the  discussion. 

1.  As  regards  Mr.  Lea's  inquiry  whether  I  had  instituted  a 

comparison  between  electrical  and  steam  working  on  rack  railways, 

I  need  only  refer  to  the  tabulated  comparison  which  I  made  in 

Engmeeringy  vol.  Ivii.,  p.  505  (20th  April,  1894),  of  the  cost  of 

construction  and  working  of  the  Mont  Saldve  (electric)  and  the 

Glion  and  Rochers  de  Naye  (steam)  rack  railways,  and  of  which 

the  following  figures  may  serve  as  an  abstract : — 

SaUve  (Electric).  Glion  (Steam). 

Length  of  line        3'6  miles        ••.     4*8  miles. 

Steepest  gradient 25  per  cent.  ...  22  per  cent. 

Cost  of  construction  and 

equipment £16,200         ...  £17,600  per  mile. 

Cost  of  working      3*228.  ...  6*  1 3s.  per  train  mile. 

Weight  of  train  (50 pass.)  13  tons  ...  26  tons. 

Passengers  per  season    ...  32,000  ...  37,000. 

It  is  seen  that  these  two  lines,  both  of  which  are  situated 
close  to  the  Lake  of  Geneva — viz.,  in  the  same  district — are 
worked  under  very  similar  conditions,  and  thac  the  electrical 
working  represents  a  saving  of  about  50  per  cent,  as  compared 
with  steam.  This  saving,  as  I  stated  in  my  paper,  applies  not 
only  to  rack  railways  and  cable  traction,  but  equally  to  ordinary 
steep-grade,  as  well  as  to  flat  lines  worked  by  electricity. 
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At  Barmen,  the  ladder  rack  had  to  be  used,  because  part  of  ^-  ^rtuer. 
the  line  is  laid  in  a  public  road.     The  dififerentiated  Abt  rack, 
used  on  the  Saldve,  obviates  the  slight  hammering  of  the  pinion 
teeth  incidental  to  the  ladder  rack ;  but  the  motors,  being  spring- 
suspended,  are  not  appreciably  affected  by  the  difference  of  rack. 

The  further  point  raised  by  Mr.  Lea  respecting  the  electrical 
working  of  rack  railways  crossing  mountain  ranges  (e.g.y  the 
Brunig  Pass  railway,  in  Switzerland)  relates,  not  so  much  to  local 
lines  now  under  discussion,  as  to  the  wider  question  of  the 
working  of  trunk  railways  with  heavy  electrical  locomotives,  which 
question  I  reserved  for  separate  and  subsequent  treatment. 

With  reference  to  the  total  efficiencies  on  the  electric  cable, 

and  on  the  rack  and  adhesion  lines  mentioned  in  the  paper,  the 

average  losses  are  as  follows : — 

Blectrie  Cable.    Back  and  Adhesion. 


Between    turbine     shaft    (or 

engine)  and  dynamo 
In  dynamo     ...         ..•         ••• 
In  transmission          

5 

10 
5 

per  cent. 

5  per  cent 
10        „ 
5        „ 

In  motors  and  gearing  (and 
cable)         

25 

M 

20        „ 

45        „  40        „ 

Hence  the  total  efficiency  works  out— 

For  cable  railways  ...  0-95  x  0*90  x  0-95  x  0*75  =  60*9  per  cent. 
For  rack  and  adhe- 
sion railways  . . .  0*95  x  0-90  x  0-95  x  0*80  =  64-9  „ 
2.  With  reference  to  the  trolley  wheel  exhibited  by  Mr. 
Holroyd  Smith,  it  appears  to  me  that  the  extra  groove,  so  far  from 
removing,  would  aggravate  the  disadvantages  inherent  to  the 
trolley  wheel  with  fixed  spindle,  more  especially  in  curves,  where 
the  rasping  and  scraping  of  the  wheel  against  the  contact  wire  is 
detrimental  to  both.  As  already  mentioned  in  my  paper,  a 
sliding  contact,   such  as  Messrs.  Siemens  &   Halske's,*  obviates 

*  Messrs.  Siemens  &  Halske's  sliding  contact  is  used  on  the  Buda-Pesth  sobor- 
ban  lines,  at  Dresden,  Hanover,  Barmen,  Genoa,  Mnhlhoose,  and  is  in  coarse  of 
being  extensively  applied  on  several  other  lines.  Messrs.  Siemens  Bros.,  Ltd., 
have  also  applied  it  in  a  modified  form  at  Hobart  Town. 
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Dr.  Preiier.  many  of  the  defects  to  which  the  trolley  system  is  liable.  On  the 
other  hand,  I  fully  agree  with  Mr.  Holroyd  Smith  that,  for  the 
thoroughfares  of  European  cities,  the  Buda-Pesth  lateral  slot  is  a 
better,  because  simpler,  conduit  system  than  the  central  slot,  which 
is  more  liable  to  interfere  with  t  he  ordinary  vehicular  traffic. 

3.  As  regards  the  rule  advocated  by  Mr.  Wilkinson,  and  also  by 
Mr.  Parshall,  that  the  sectional  area  of  the  copper  bonding  at  the  rail 
joints  should  be  equal  to  one-sixth  or  one-seventh  of  that  of  the 
rail,  so  as  to  ensure  equal  conductivity,  the  following  case,  tested 
by  myself,  will  show  that,  in  European  practice,  such  heavy  copper 
bonding  is  not  necessary,  provided  the  joints  of  the  permanent 
way  as  return  circuit  be  per  se  of  a  substantial  character.  On  the 
Saldve  line,  where  the  permanent  way  consists  of  flange  steel 
rails  with  metallic  cross  sleepers,  the  fish-plates  and  fastenings 
have  a  sectional  area  of  1 ,900  sq.  mm,  (3  sq.  in.),  equal  to  that 
of  the  rail.  No  copper  bonding  was  used  when  first  the  line  was 
opened,  but,  owing  to  the  serious  telephonic  and  telegraphic  dis- 
turbances resulting  from  that  omission,  the  company  was  enjoined 
to  apply  a  remedy  forthwith.  The  copper  bonding  adopted 
consists  of  a  short  stranded  cable  of  seven  3-mm.  wires  at  each 
joint,  the  sectional  area  being  63*5  mm.  square  (0*1  sq.  in.),  equal 
to  445  sq.  mm.  of  steel,  or  only  20  per  cent,  of  the  rail  section  ; 
whereas,  assuming  the  fish-plates  to  be  non-conductive  or  non- 
existing,  the  sectional  area  of  the  electrical  bonding  should  have 

1  900 
been    ^        =275  sq.  mm.  (0-42  sq.  in.),  or  more  than  four  times 

heavier.  The  fact  that  since  this  bonding  no  further  disturbances 
have  been  recorded,  confirms  what  I  stated  in  my  paper — that  a 
substantial  permanent  way  in  itself  provides  80  per  cent,  of  the 
requisite  conductivity,  and  that  hence  this  percentage  can  be  saved 
in  copper  bonding.  As  a  very  simple  and  efficient  electrical 
bonding  I  may  mention  a  copper  fish-plate,  soldered  and  bolted 
either  to  the  web  or  to  the  bottom  of  the  flange  of  the  rails  at 
the  joint,  as  used  respectively  on  the  Sal^ve  conductor  rail  and 
at  Murren. 

4.  With  respect  to  Mr.  Wilkinson's  diagram  of  a  load  cur\  e 
on  one  of  the  American  tramways,  he  stated  himself  that,  the 
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readings  only  being  taken  at  intervals  of  half  an  hour,  the  i»r.  preiier, 
diagram  was  not  reliable.  That  diagram  would  approximately 
represent  the  load  curve  of  a  lighting  or  of  a  power  installation 
for  industrial  purposes;  but  as  an  example  of  a  traction  load 
curve  it  is,  for  practical  purposes,  absolutely  fallacious  and 
misleading.  The  only  reliable  load  curve  is  that  drawn  by  a 
self-registering  ampere-meter,  such  as  is,  e.gr.,  used  at  the  power 
station  of  the  Marseilles  line.  M.  Dubs,  the  resident  electrician 
and  technical  manager  of  that  interesting  line,  of  which  I  gave 
a  full  account  in  Engineering^  1893,  has  kindly  sent  me,  at  my 
request,  the  following  original  self-registered  diagram  of  an 
average  working  day  (29th  November  last)  of  12  hours,  with 
15  cars  simultaneously  on  the  line.  The  rapid  fluctuations  of 
load,  often  from  zero  to  a  maximum  of  350  to  400  amperes,  and 
vice  versa,  in  the  space  of  one  minute,  show  the  essential  diflference, 
not  only  between  a  traction  and  a  lighting  load  curve,  but 
between  an  automatically  registered  diagram  and  one  plotted 
from  half-hourly  (or  even  10-minute)  readings,  as  shown  by  Mr. 
Wilkinson. 

5.  As  regards  the  opinion  expressed  by  Mr.  Parshall  that 
there  is  little  prospect  of  alternating-current  motors  being  used 
for  tractive  purposes,  I  can  only  say  that  I  have  very  good  reason 
for  dissenting  from  his  view.  In  the  meantime,  his  own  company 
proposes  to  use  three-phase  current  for  transmission  on  a  line 
at  Portland,  Oregon ;  and  although  it  is  to  be  transformed  along 
the  line  to  direct  current  for  the  car  motors,  it  is  still  an  applica- 
tion of  alternating  current,  and  therefore  goes  to  confirm  the 
proposition  I  advanced  in  my  paper  that,  more  especially  for 
longer  electrical  lines  than  have  hitherto  been  constructed,  alter- 
nating will  probably  before  long  supplant  continuous  current. 

6.  With  reference  to  Mr.  Eobinson's  remark  that  the  question 
of  direct  driving  of  generator  dynamos,  to  which  I  referred  in 
the  paper,  should  have  been  discussed,  not  now,  but  three  years 
ago,  I  may  say  that  a  discussion  on  this  subject  took  place  as 
recently  as  last  spring  at  the  Institution  of  Civil  Engineers,  in 
connection  with  the  Liverpool  Overhead  Railway ;  that  Captain 
Sankey  himself  took   part  in   it;    and    that   the   question  will 
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probably  continue  to  be  discussed  for  a  long  time  to  come.  As  Dr.  Preiier. 
the  best  proof  of  the  accuracy  of  my  contention  that  for  tractive 
purposes  indirect  driving  by  one  large  low-speed  engine  is  in 
certain,  though  by  no  means  in  all,  cases  preferable  to  direct 
driving  by  a  group  of  small  high-speed  engines,  I  will  now  give 
the  particulars  of  the  Marseilles  case,  mentioned  in  my  paper. 
These  particulars  have  been  kindly  supplied  to  me  by  M.  Dubs, 
and  the  following  comparison  is  an  abstract  thereof: — 

Direct  Hi|(h-Speed  Indirect  Low- 

Driviog.  Speed  Driviug. 

3  Compound  Double  1  Corlisf  Engine, 

Vertical  Acting  3 JO  H.  P. ,  80  revs. , 

Engines,  100  H.  P.  Rope  Drinng ; 

each,  260  revs. ;  and  and  1  Multipolar 

3  Bipolar  Dynamos,  Dynamo, 

6U0  revs.  300  revs. 

C'jiuainption  of  fael  per  car  mile  ...  13*8    lbs 7*22  Ibf. 

„  „     „    per  effect.  H.P.  6*a6   „       3-67    „ 

„  „  steam      ,,  ,,  35*2     „      with  condensation  22-00    „ 

„  .,       M        „  „  48-11    .,      without       ,,  3800    „ 

Total  traction  and  mainteoance  ex- 
penses per  car  mile  ...        ^,        ...  4  2  pence 3*3  pence. 

These  figures  speak  for  themselves,  and  show  the  considerable 
saving  which  has  resulted  from  Corliss  (Van  der  Kherkowe)  engines 
being  substituted  for  the  small  high-speed  vertical  (CErlikon) 
«ugine8.  The  uneconomical  working  of  the  latter  is,  to  some 
extent,  due  to  their  defective  system  of  regulation;  but  the 
^!omparison,  nevertheless,  shows  the  superiority  of  the  larger  unit 
over  a  number  of  smaller  high-speed  units,,  which  is  still  a 
conspicuous  feature  in  many  lighting  installations  in  this  country. 

ITie  Corliss  type  of  engine  is  admirably  adapted  for  lines  with 
rising  and  falling  grades  and  an  hitermittent  traffic  of  two  cars 
per  mile  (or  four  cars  i>er  mile  of  double  line),  involving  great 
fluctuations  of  load,  as  is  the  case  at  Marseilles ;  whilst  for  flat 
lines,  with  a  regular  traffic  of  three  and  more  cars  per  mile,  direct 
driving  by  large  high-speed  units  is  more  suitable.  Moreover, 
the  reservation  I  made  in  the  paper  as  regards  certain  exceptions 
to  the  rule  of  direct  driving  for  tractive  purposes  is  amply 
justified  by  experience,  as  is  shown  by  the  great  majority  of 
European  lines  opened  for  traffic  within  the  last  three  years,  on 
«7hich   indirect   driving  is   used — to  wit,  the   City   and    South 


776  DISCUSSION.  [Dec  13th, 

Dr.  Prdier.  London,  Liverpool  Overhead,  Guernsey,  and  Isle  of  Man  lines  in 
the  British  Isles,  and  the  30  to  40  Continental  lines  made  by 
such  companies  as  the  Berlin  AUgemeine  Elect.  Gesellschaft,  the 
French  and  German  (Union)  Thomson-Houston  Companies, 
Messrs.  Siemens  &  Halske,  and  others.  I  understand  that  e\en 
in  the  two  new  traction  installations  now  in  course  of  erection  in 
this  country  by  the  Thomson-Houston  Company,  indirect  driving 
will  be  used.  I  can  therefore  only  emphasise  what  I  stated  in 
my  paper — ^that,  although  direct  driving  should  always  be  aimed 
at  as  a  desideratum,  there  are  cases,  such  as  those  specified,  in 
which,  for  tractive  purposes,  indirect  driving,  either  by  steam 
engines  or  turbines,  is  preferable. 

On  the  other  hand,  I  quite  agree  with  Captain  Sankey  that 
direct  driving  does  not  entail  damage  to  the  generator  engine  in 
case  of  short-circuit,  I  have  myself  witnessed  the  destructive 
eflfects  of  most  violent  atmospheric  discharges  on  the  armatures  of 
large  dynamos  mounted  direct  on  turbine  shafts,  when  the 
turbine  was  arrested  by  the  shock,  but  in  no  way  damaged. 

7.  As  regards  the  further  view  expressed  by  Mr.  Robinson 
that  the  subject  of  steep  grades  does  not  touch  us  very  closely  iu 
this  coimtry,  I  may  point  out  that  that  contention  is  an  absolute 
fallacy,  and  ignores  the  physical  geography  of  the  British  Isles. 
The  whole  country  from  the  South  C^ast  to  the  Scottish  Highlands 
may  be  said  to  abound  in  steep-grade  roads  such  as,  e.g.^  those  of 
the  northern  suburbs  of  the  metropolis ;  and  notably  in  the  manu- 
facturing districts  and  in  Scotland  grades  of  from  5  to  8  per  cent, 
are  met  with  almost  in  every  town,  and  at  every  turn  in  the 
country.  Such  grades  can  be  economically  overcome  and  worked 
only  by  electrical  traction,  and  it  is  on  this  account  that 
Continental  lines  such  as  those  of  Florence,  Zurich,  Marseilles,, 
and  others  with  similar  grades,  aflford  highly  instructive  precedents,, 
in  view  of  the  construction  of  light  railways  and  road  railways 
in  this  country. 

With  regard  to  such  lines  in  sparsely  populated  agricultural 
districts,  no  more  instructive  and  typical  example  so  fer 
exists  than  the  electric  metre-gauge  road  railway  from  the 
Lake   of  Lucerne   to   the   village   of  Stans,   of    which    I    shall 
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shortly  give  a  full  account  in  ETighieerlng.  This  overhead  T^-  Preiier. 
trolley  line,  three  miles  long,  is  laid  on  one  side  of  the 
public  road,  20  feet  in  width,  so  that  the  rolling  stock,  6*5  feet 
in  width,  leaves  13 '5  feet  free  for  the  ordinary  vehicular  traffic. 
There  are  10  to  12  trains  (each  composed  of  one  motor  car  and 
trailer)  each  way  per  day ;  the  resident  population  of  only  3,000 
inhabitants  uses  the  line  at  the  astonishing  rate  of  25  passengers 
per  head  of  population  per  annum ;  and  the  net  receipts  yield  a 
return  of  4  per  cent,  on  the  capital  of  £4,500  per  mile.  There  is 
no  reason  why  there  should  not  be  a  large  opening  for  lines 
of  that  kind  in  the  agricultural,  manufacturing,  and  suburban 
districts  of  this  country.  With  proper  legislative  facilities  and 
economical  management,  a  return  of  4  per  cent,  on  a  capital  of 
£6,000  per  mile  might  be  obtained,  provided  that  the  success  of 
such  lines  be  not  vitiated  by  excessive  preliminary  expenses  and 
financial  charges,  excessive  fees  and  salaries,  and  local  prejudice. 

In  conclusion,  I  have  to  thank  the  meeting  for  the  kind 
reception  accorded  to  my  paper. 

In  reply  to  correspondence. 

8.  With  regard  to  Mr.  Alfred  Dickinson's  remarks,  I  am  glad 
to  see  that  his  estimate  of  the  cost  of  lines  on  the  conduit  system 
in  this  country  agrees  with  the  one  I  have  given  in  my  paper. 
Mr.  Wilkinson's  figures,  if  they  include  permanent  way,  instal- 
lation, and  equipment,  are  much  too  low;  and  the  same  applies  to 
General  Webber's  estimate  of  £2,000  per  mile  as  the  cost  of  lines 
in  country,  more  especially  agricultural,  districts.  Having  regard 
to  the  higher  cost  of  labour  in  this  country  as  compared  with  the 
majority  of  Continental  countries,  the  cost  of  electric  lines 
adequately  equipped  cannot  be  put  at  less  than — 

Conduit    system     £10,000  per  mile  of  single  line  in  towns. 

Overhead        „  £8,000         „  „  „         in   towns    and 

suburbs. 

„  „  £6,000         „  „  „         in  country  dis- 

tricts. 

The   last-named  figure  applies  to  the  narrow  or  metre  (3*3  ft.) 
gauge  laid  on  one  side  of  the  public  roads.     The  4  ft.  8  J  in. 


77d  DISCUSSION.  [Dec.  ISth, 

r)r.  rreuer. :  gsuge,  which  for  country  lines  exceeding  six  miles  in  length  may  be 
said  to  be  pure  waste  of  space  and  money,  would,  in  the  majority 
of  cases,  involve  widening  of  the  existing  roads,  and  therefore 
additional  expenditure.  I  may  add,  with  reference  to  General 
Webber's  estimate  of  only  two  or  three  trains  each  way  per  day 
on  a  light  electric  railway,  that  such  a  service  could  never  pay, 
even  with  the  aid  of  storage  batteries;  but  that  the  great 
advantage  of  electrical  traction  consists  precisely  in  the  much 
more  frequent  train  8er\ice  with  motor  cars  and  trailers,  as 
evidenced  by  the  Stans  line. 

9.  In  reply  to  Mr.  Lundberg's  question  relating  to  the 
electric  safety  brakes  to  which  I  referred  in  my  paper,  the  motor 
cars  or  locomotives,  in  addition  to  the  ordinary  mechanical 
brake,  are  generally  fitted  with  two  appliances— one  for 
reversing  the  current;  and  another,  by  means  of  a  special 
switch,  for  utilising  the  energy  developed  by  the  (series- 
coupled)  motors,  as  brake  power  on  the  descent  when  the  car  or 
locomotive  is  out  of  circuit,  viz.,  derives  no  current  from  the 
contact  wire,  and  acts  independently  as  dynamo,  the  vehicle  being, 
in  other  terms,  simply  held  by  the  magnetic  field. 

10.  In  answer  to  Mr.  Geipel's  question  relating  to  the 
difficulty  of  regulating  low-pressure  turbines,  I  may  say  that 
such  turbines,  more  especially  with  very  variable  volume  and 
head  of  water,  as  is  probably  the  case  at  Worcester,  have 
hitherto  nearly  always  required  additional  regulation  by  hand, 
80  as  to  keep  the  tension,  as  registered  by  the  voltmeter,  as 
constant  as  possible;  but  that  a  very  sensitive  automatic 
system  of  mechanical  regulation  of  low-pressure  turbines  has 
recently  been  introduced  at  the  new  lighting  (alternating  current) 
installation  of  Interlaken,  Switzerland,  of  which  I  shall  before 
long  give  a  full  account  in  Engineering.  As  an  electrical 
means  of  compensating  the  variations  of  low-pressure  turbines 
in  connection  with  separate  exciters  (high-pressure  turbine 
and  dynamo),  I  may  refer  to  the  automatic  Thury  regulator, 
described  in  Engineering,  April  6th,  1894,  in  my  paper  on  the 
Saldve  Electric  Rack  Railway. 

In  reply  to  Mr.  Geipel's  further  remark  that,  in  advocating 
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alternating  current  for  electrical  traction,  I  had  omitted  the  or.  preiier. 
important  advantage  of  the  commutator  being  thereby  dispensed 
with,  suffice  it  to  say  that  I  did  not  dwell  on  that  point  because 
it  follows  ipso  facto.  Moreover,  the  principal  saving  on  lines 
exceeding,  say,  eight  miles  in  length,  will  be  not  so  much  in 
motors  as  in  generators  and  transmission,  more  especially  if 
fiingle-phase  alternating  current  is  used. 

The  President  :  At  this  late  hour  I  will  only  ask  you  to  give 
a  hearty  vote  of  thanks  to  Messrs.  Wilkinson,  Blackwell,  and 
Dawson,  and  Dr.  Du  Riche  Preller,  for  their  very  interesting 
papers,  which  have  given  rise  to  such  an  instructive  discussion. 

The  vote  was  unanimously  accorded. 

The  President  :  With  regard  to  the  balloting  list  of  Council 
and  Officers,  I  have  much  pleasure  in  informing  you  that  the 
scrutineers  report  the  result  of  the  ballot  for  Council  and  Officers 
for  the  year  1895  to  be^as  follows  : — 

PresiderU  : 
R.  E.  Crompton,  M.  Inst.  C.E. 


Vice-Preaidents  : 

Sir    David    Salomons,    Bart., 

M.A. 
Sir  Henry  Mange,  CLE.,  M. 

Inst.  C.E. 


Professor    George    Forbes, 

F.R.SS.  (L.  &  E.). 
RoBEKT  Kaye  Gray,  M.   Inst, 

C.E. 


Ordinary  Members  of  Council , 


Major  A.  H.  Bagnold,  R.E. 
Frank  Bailey. 
G.  VON  Chauvin. 
W.  B.  EssoN,  M.  Inst.  C.E. 
S.  Z.  de  Ferranti. 
Walter  T.  Goolden,  M.A. 
Professor  A.  B.   W.   Kennedy, 
LL.D.,  F.R.S.,  M.  Inst.  C.E 


William  E,  Langdon. 
Professor  John   Perky,   D.Sc, 

F.R.S. 
Augustus  Stroh. 
James  Swinburne. 
Professor  S.  P.  Thompson,  D.Sc, 

F.R.S. 
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Aaaocxate  Members  of  Ccmncil: 

Augustus  Calder.  |  Captain  George  Carr,  R.E. 

J.  M.  V.  Money-Kent. 

Honorary  Treaeurer: 
Sir  David  Salomons,  Bart.,  MA.,  Vice-President. 

Honora/ry  Auditors: 


Frederick   C.   Danvers,   India 
Office,  S.W. 


Augustus  Stroh. 


Honorary  Solicitors: 
Messrs.  Wilson,  Bristows,  &  Carpmael,  1,  Copthall  Buildings,  E.C. 


I  also  have  to  report  that  the  following  candidates  have  been 

duly  elected : — 

Member : 

Thomas  Barton. 

Associate : 
V.  C.  Dixon. 


Stanley  Beeton. 

Henry  William  Kennedy  Irvine 

Henry  Herl^rt  Stanley  Marsh. 


Students : 

Roland  Sydney  Robertson. 
Arthur  Holroyd  Sears. 
Richard  Norman  Vyvyan. 


The  meeting  then  adjourned. 


Electric  Department 


Plate  B. 
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COMMUNICATION. 


Calcutta,  November  Idth,  1894. 

Dear  Sir, — The  following  case  of  lightning  happened  on  the 
telegraph  line  between  Bombay  and  Bhusaval  in  October : — 

One  of  the  iron  wires  was  broken, 
and  the  cause  put  down  to  lightning. 
As  no  insulators  were  smashed,  the 
local  superintendent,  Mr.  Kenyon, 
called  for  the  ends  of  the  wire,  and 
had  two  of  the  white  porcelain  insu- 
lators on  each  side  of  the  break 
removed  for  examination.  Of  the 
four  insulators,  one  was  cracked  and 
the  stalk  loose.  The  other  three 
appeared  to  be  entirely  undamaged, 
except  that  each  had  a  little  brown 
mark  at  the  edge  of  the  inner  cup, 
in  the  position  marked  B  in  accom- 
l)anying  sketch ;  and  on  each  stalk, 
at  C  just  opposite,  was  a  small  mark 
about  the  size  of  a  i)in's  head,  with 
a  little  conical  point  in  the  centre, 
where  the  flash  had  apparently 
sparked  across.  There  was  also  a 
lirown  mark  at  A  where  the  wire 
binder  touched  the  insulator.  At 
each  brown  mark  the  glaze  of  the 
porcelain  was  destroyed,  being  re- 
duced to  a  powder  which  disappeared 
in  water.  The  three  apparently  un- 
damaged insulators  were  tested  after  being  immersed  in  water 
for  24  hours,  and  each  gave  an  insulation  resistance  of  over 
0,000  megohms. 
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If  the  lightning  went  through  the  porcelain  it  would  assuredly 
have  destroyed  the  insulation ;  failing  this,  it  must  have  passed 
over  the  whole  surface  of  the  porcelain  to  get  from  the  line  wire 
to  the  edge  of  the  inner  cup—which  seems  curious. 

Yours  truly, 

P.  V,  Luke, 

Director  J  Construction  Branchy 

Indian  Oovemment  Telegraphs. 
The  Secretary, 

Institution  of  Electrical  Engineers. 
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C.  KIBH— ON  THE  RESEMBLANCE  BETWEEN  THE  EMISSION  OF 
LIGHT  IN  THE  AFTER-GLOW  OF  A  GEISSLER  TUBE  AND  THE 
COMMENCEMENT  OF  INCANDESCENCE  IN  SOLID  BODIES. 

(  Wiedmatm'a  Annaleny  Vol.  62,  No,  6,  p.  881.) 

According  to  H.  F.  Weber,  the  light  emissioD  of  heated  solids  does  not  begin, 
as  Draper  assumed,  with  dark  red  light,  but  with  a  dark  foggy-grey  InmiDoeiiy, 
which  shov^s  itself  in  the  spectroscope  as  a  band,  situated  in  the  green -yellow  at 
that  point  where  the  brightest  spot  of  the  normal  spectrum  lies,  which  spreads  on 
both  sides  with  rising  temperature.  This  grey  light  boffins  at  a  much  lower 
temperature  than  the  red,  and  varies  in  different  bod ieji.  From  the  researches  of 
Stenger  and  of  Ebert  on  the  limits  of  sensibility  to  light,  it  is  seen  that  the 
phenomenon  is  due  to  the  fact  that  the  sensibility  of  the  eye  is  greatest  for  this 
portion  of  the  spectrum.  The  author  observed  analogous  phenomena  in  a  tube 
supplied  by  Geistler,  which  had  a  spiral  form  with  seven  spherical  enlargements 
On  the  inner  walls  of  the  tube,  and  especially  in  the  spherical  parts,  were  deposits 
of  colourless  crystals,  and  also  single  crystals  of  larger  dimensions,  being  pre- 
suu^ably  sulphoric  anhydride.  This  tube  glows  in  the  dark  for  more  than  half  a 
minute  alter  the  passage  of  the  electric  discharge.  The  spectroscopic  observa- 
tions by  the  ordinary  Desaga  apparatus  with  one  prism  had  the  foUow.'ng  result : — 
During  the  passage  of  electric  discharges,  the  tube  shows  a  line  spectrum,  which 
is  especially  clear  in  the  narrow  parts  of  the  tube,  aod  the  biighteet  lines  in  which 
are  apparently  coincident  with  those  of  nitrogen  and  carbonic  oxide.  At  the 
beginning  of  the  discbarges  the  spherical  parts  shoir  the  same  spectrum  clearly  ; 
but  as  cooD  as  the  formation  of  the  peculiar  foggy  appearance  begins  in  the 
spheres,  the  line  spectrum  becomes  less  distinct  and  becomes  more  nearly  con- 
tinuous, while  the  backgroand  gets  brighter.  The  weak  spectrum  remaining,  due 
to  the  after-glow  after  the  discharge  ceases,  is  continuous,  without  noticeable  dark 
spaces,  and  occupies  at  first  the  whole  space  of  the  former  line  spectrum,  but 
begins  fairly  soon  to  contract  from  both  ends,  and  more  from  the  blue  than  the 
red  end,  until  it  forms  a  band  lying  between  the  wave-lengths  555-495  /i/i, 
which  very  gradually  contracts  and  disappears.    The  coiOur  of  this  baud  is  not 

*  The  Editing  Committee  regret  tliat  a  very  unintentional  injustice  woa  done  to  Dr.  C.  S.  Du 
Riche  Preller,  Member,  in  the  last  part  (No.  113)  of  the  JounuU^  through  the  circumstance  of  an 
article  on  the  Mont  Sal^re  Electric  Railway,  of  which  an  abetract  was  given  (page  607),  being 
described  as  an  anonymous  article  from  the  EUktrotechnuehe  Zeittehri/t,  whereas  it  was,  in  fact, 
little  else  than  a  German  translation  of  a  series  of  articleii  which  had  been  published  by  Dr.  Preller, 
U)uftfr  hi»  naim,  in  Bnjineerin'j.  Ck>ntrary  to  the  best  traditions  of  Journalism,  the  EUkiroUeh- 
nUche  Zeitwhrift^  when  thus  reproducing  the  articles,  entirely  suppressed  the  name  of  the  author, 
and  only  mvle  so  obscure  an  allusion  to  the  source  from  which  it  had  taken  them,  that  our 
abftractor  failed  to  notice  it. 
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ihatof  the  correspoDdiiig  part  uf  the  spectruiu,  bat  is  a  peculiar  faint  greyish 
yellow,  which  gradnallj  becomes  darker  as  it  fades.  The  potition  of  final 
extinction  corresponds  aboat  to  the  position  of  the  £  line  in  the  solar  spectmniy 
and  with  the  brightest  part  of  the  ordinary  visible  spectram.  The  whole 
phenomenon  is  just  the  inverse  of  what  is  observed  at  the  beginning  of  the 
emission  of  light  with  glowing  solid  bodies. 


THOMPSON  and  WALKER— THE  WINDING  OF  ALTERNATE- 
CURRENT  ELECTRO-MAGNETS. 

(Ph'tos  phical  Magazine^  Vol  87,  No,  229,  p,  564.) 

The  following  formulffi  from  this  paper  will  be  of  use  to  designers  of  magnetic 
relays,  &c. ,  for  use  with  alternating  currents. 

To  find  the  ratio  of  the  volts  required  for  a  given  electro-magnet  to  produce 
the  same  ampere-turns  with  direct  and  alternating  currents : 

Let  Va  be  the  alternating  volts  and  Vc  the  direct  volts.     Then 
Vg         yf^R'   -h  p*  L« 
Ve    "  R  ' 

and  if,  as  is  generally  the  case,  R  is  small  compared  with  p  L,  it  is  sufficiently 
near  to  take 

Va  .  ;>L 
^7  R 
(in  these  formulae  p  ^  2  wn,  where  «  =»  periods  per  second  and  L  is  the  co- 
efiicient  of  self-induction),  or  the  alternate  voltage  ratio  is  proportional  to  the 
frequency  and  to  the  time  constant  of  the  electro-magnet.  For  this  ratio  we  may 
on  certain  assumptions  find  an  expression  in  terms  of  the  dimensions  of  core  and 
coil  for  a  closed  magnetic  circuit ;  but  the  assumptions  involve  uncertainties  of  as 
much  as  50  per  cent. 

Secondly,  a  very  simple  expression  may  be  found  for  the  number  of  turns 
re()iiired  to  obtain  any  desired  induction,  N,  in  the  iron.  If  the  iron  of  area  A 
is  subjected  to  cycles  of  magnetisation  of  mean  permeation  =  B,  then  N  =  A  B  ; 
if  the  frequency  =  n  periods  per  second,  the  back  E.M.F.  •  2  ir  W  N/10*  volts. 
If  the  resistance  is  negligibly  small,  this  equals  V,  the  volts  of  supply ;  whence, 

/>N 


C.    &ZCHTER— ON    TUE    BENARDOS    SYSTEM    OF   ELECTRIC 
WELDING. 

{EUktrotechnische  Zeitschri/t,  1894,  No.  30,  p,  415.) 

The  Benardos  8}'Stem  is  more  suitable  in  some  ways  fur  the  welding  of  two 
])ieces  of  metal  than  the  Thomson  method.  It  is  well  known,  for  instance,  that  the 
latter  requires  an  immense  amount  of  energy  to  be  spent  in  producing  sufficient 
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heat  at  the  surfaces  of  the  metal  to  effect  the  required  weld ;  and  the  author  of  tlii« 
article  begins  by  pointing  to  some  of  the  disadvantages  which  have  hitherto  retaided 
the  introduction  as  a  practical  process  of  the  Benardos  system.  The  first  and 
mojt  important  defect  is  the  hardening  of  the  iron  in  the  immediate  neighbourhood 
of  the  arc,  the  effect  of  the  preceding  mechanical  and  other  processes  being  thus  to 
some  extent  reversed ;  and  it  is  difficult,  if  not  impossible,  to  restore  the  quality 
thus  lost.  The  iron  also  suffers  as  regards  tensile  strength  and  elongation,  a  mean 
of  20  rods  about  210  sq.  mm.  in  area  giving  a  tensile  strength  of  28*4  kilos  per 
sq.  mm.,  with  an  elongation  of  2  per  cent. 

The  hardeniuif  is  chiefly  due  to  the  quick  cooling,  due  to  the  large  masses  of 
metal  in  contact  with  the  welding  place,  which  cool  it  more  quickly  than  plunging 
in  water.  The  author  has  not  found  t^ie  opinion  confirmed  that  the  hardening  is 
due  to  absorption  of  carbon  from  the  arc  into  the  iron,  and  has  found  that  tlie 
softness  can  be  restored  by  reheating  and  slow  cooling  ;  but  the  latter  operation  has 
no  effect  upon  the  tensile  strength,  the  mean  breaking  strain  of  19  rods  being 
24*3  kilos,  per  sq.  mm.,  with  a  mean  elongation  of  2'G  per  cent,  after  annealing. 

The  process  may  be  used  for  other  metals  than  iron  where  the  above  defects 
are  either  of  less  importance  or  even  entirely  absent,  as,  for  example,  copper  and 
certain  of  its  alloy?,  lead,  tin,  and  gold  and  silver. 

A  second  obstacle  to  its  general  introduction  is  the  relatively  high  cost  of  an 
accumulator  battery.  It  must  be  noted  that  the  batter}-  only  works  intermittently, 
perhaps  100  hours  per  month,  and  the  losses  by  overcharging  the  cells  in  the 
intervals,  and  so  on,  amount  to  a  considerable  sum.  The  author  has  therefore 
tried  to  avoid  the  use  of  accumulators  by  modification  of  Benardos'  arrangement. 
The  latter,  as  is  well  known,  consists  of  a  dynamo,  D,  coupled  to  the  battery.  A, 
and  the  work,  S,  in  parallel.  The  battery  is  divided  into  groups  of  5-10  cells  of 
suitable  output.  The  poles  of  each  group  are  connected  to  a  suitable  switcli  or 
plug  box.  The  arc  U  started  by  touching  the  work,  which  forms  one  pole,  with 
the  carbon  forming  the  other  pole  of  the  aic,  thus  short-circuiting  dynamo  and  cells 
for  a  moment ;  and  when  the  arc  breaks  the  dynamo  charges  the  cells. 

The  same  advantages  are  gained  if  a  suitable  resistance  be  substituted  for  the 
cells,  and  the  dynamo  be  of  about  double  the  output:  the  loss  in  the  resistance 
can  be  made  less  than  that  in  the  batteries ;  and  in  the  intervals  the  dynamo  can 
run  light.  The  excessive  current  at  starting  can  be  avoided  by  having  an  inductive 
resistance  in  circuit,  and  jars  are  prevented  by  running  with  slack  belt ;  but  in  any 
case  these  disadvantages  are  shared  with  the  original  Benardos  arrangement.  An 
automatic  switch  can  cut  out  the  main  resistance  while  the  work  is  on.  AVliere 
more  than  one  job  is  going  on  at  the  same  time,  they  may  be  arranged  to  keep  the 
dynamo  always  running  on  useful  work. 

The  third  and  last  cause  of  the  slow  progress  of  the  electric  method  of  welding 
is  the  bad  effect  of  the  intense  light  and  the  gases  evolved  on  the  worker.  The 
combination  of  coloured  glasses  used  as  a  protection  is  powerless  to  prevent  infiam- 
mation,  although  the  eye  gradually  gets  ionreJ  to  it  in  most  cases.  The  glasses  . 
make  it  difficult  to  see  the  work  properly.  The  author  recommends  the  use  of  a 
sort  of  mask  covering  the  upper  part  of  the  face,  and  provided  with  spring  arrange* 
ments  for  working  the  glasses. 
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J.  BL8TBB  and  S.  OBZTBI.— FURTHER  EXPERIMENTS  ON 
LIGHT  AND  ELECTRICITY. 

(  Wiedetiumn's  Annalen,  Vol.  62,  No.  7,  p.  438.) 

The  three  alkali  metals,  todium,  potaflriam,  aud  rnhidiam,  have  different 
electrical  senmbilities  with  regard  to  coloured  light.  Potasiiim  reacts  iu  a 
remarkable  manner  on  blue  light,  bat  has  little  effect  on  light  rays  of  greater  waTe- 
leugth ;  sodium  acts  from  the  blue  into  the  yellow,  and  then  drops  off  suddenly ; 
while  rubidium  reacts  with  only  one-quarter  the  effect  on  blue  that  it  has  oa 
yellow,  and  is  twice  as  sens  tive  to  red  as  to  blue.  The  authors  reached  this 
conclusion  in  the  following  manner:— A  glass  sphere  was  taken  and  filled  with 
an  atmosphere  of  rarefied  hydrogen.  In  th's  a  thin  sheet  of  the  metal  under 
observation  was  used  as  negative,  and  a  platinum  wire  as  positive  electrode  of  a 
high- pressure  battery,  and  by  means  of  a  very  delicate  galvanometer  the  amount 
of  current  passing  under  various  conditions  of  illumination  of  the  negative  electrode 
wa<)  measured.  The  sensibility  to  different  colours  was  measured  by  the  deflection 
of  the  galvanometer.  In  the  case  of  illumination  by  polarised  light,  the  current 
is  greatest  when  the  plane  of  polarisation  is  perpendicular  to  that  of  the  metal 
sheet,  and  least  when  the  planes  coincide. 

Further  experiments  by  the  authors  are  described  on  the  effects  of  light  on 
electric  oscillations,  and  on  the  production  of  negative  electricity  on  the  surface 
of  freshly  broken  fluor-spar  when  illuminated  by  daylight  or  sunshine.  The  Utter 
effect  is  dependent  on  the  kind  of  spar,  and  the  blue-violet  and  greenish  varieties 
are  the  most  sensitive  to  light 


F.  KOHLBAU8CH  and  A.  KBTDWSZIiLS&— ON  PURE  WATER. 

{Eleklrotechnische  Zeitschrifty  1894,  No.  26,  p.  859  ) 

Eighteen  years  ago  F.  Kohlrausch  succeeded  in  producing,  by  diBtillation  in 
j'ocMo,  water  which  at  18°  had  a  conductivity  of  0'25  x  10"^°,  mercury  being  taken 
as  unity.  By  the  use  of  one  of  the  same  distilling  apparatus,  the  authors  have 
succeeded  in  producing  water  of  the  following  conductivity  : — 

AtO°.  18°.  25°.  85°.  50^. 

0-014  0040  0058  0089        0-179x10-" 

I  ram.  of  this  water  has  at  0°  a  resistance  equal  to  that  of  40  million  kilometres 
of  copper  wire  of  the  same  section,  about  a  thousand  times  the  earth*s  circum- 
ference, and  it  is  probably  the  purest  water  that  ever  existed.  The  water  was  found 
to  obey  Ohm*s  law,  having  the  same  resistance  with  4  as  with  100  volts  pressure. 

When  in  contact  with  air  the  conductivity  rises  very  quickly ;  it  also  rises  when 
the  current  remains  on  some  time,  returning  to  its  original  value  gradually  after  the 
-current  is  stopped.  The  temperature  coefficient  varies  in  such  a  manner  as  to  lead 
one  to  suppose  that  the  value  0*04  x  10-*®  at  18°  is  very  nearly  the  limit,  and 
theoretical  considerations  lead  one  to  suppose  that  0*086  x  10"^  must  be  near  the 
value  of  the  conductinty  of  ahaoluteJy  pure  water  at  18°. 
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O.  TBLikmLER  and  W.  WBDDZNG— ON  THE  PRESSURE  AND  CUR- 
RENT CURVES  OP  VARIOUS  TYPES  OF  ALTERNATOR,  AND 
THEIR  INFLUENCE  ON  THE  ILLUMINATING  POWER  OF 
THE  ELECTRIC  ARC. 

(EUJarQt9ehni$cie  ZeiUchri/t,  1894,  No.  28,  p.  815.) 

The  aathon  used  in  their  experiment  three  alternators,  by  Ganz,  Wechsler, 
aud  Siemens  respectively,  whose  pressore  corves  were  of  very  different  tjpe^t. 
The  Ganz  machine  has  a  cnnre  nhich  in  the  half-period  rises  suddenly  to  a  very 
high  value,  falls  equally  suddenly,  and  remains  for  about  half  the  time  at  a  very 
low  value.  The  lamp  has  to  receive  its  energy  in  a  sudden  jump,  lasting  about 
one-third  of  the  whole  period.  The  Siemens  machine  behaves  in  a  directly 
opposite  manner,  the  electrical  energy  rising  very  slowly  to  a  maximum,  at  which 
it  remains  for  a  constderable  time,  falling  slightly,  then  rising  to  a  second  higher 
maximum,  and  falling  rapidly  immediately  after.  The  current-curve  is  especially 
flat,  the  slight  peak  being  chiefly  in  the  volts,  and  the  current  through  the  lamp  is 
as  nearly  constant  as  possible.  The  Wechsler  machine  lies  between  the  two,  and 
is  very  nearly  a  sine  curve. 

Extensive  series  of  observations  of  the  illuminating  power  of  the  arc  with 
these  alternators  were  made,  and  curves  and  tables  are  given  in  detail ;  and  it  was 
found  that  the  lamp  was  44  per  cent,  more  efficient  with  the  Wechsler  than  with  the 
Qtokz  machine.  The  Siemens  machine  coald  not  be  tried  at  the  same  frequency 
(SO  C\Jh  ^ut  at  120  f\J  its  light  emission  wat  6  percent  higher  than  the  Wechsler 
machine.  The  Wechsler  machine  is  better  in  another  respect,  making  the  lamp 
bom  more  silently  than  the  other  two ;  and  but  for  this  the  flat-topped  curve  is 
found  to  be  best. 

Experiments  with  direct  currents  showed  that  the  direct-current  arc  is  far 
more  efficient,  partly  because  the  reflector  used  with  the  lamp  has  not  to  reflect  so 
large  a  proportion  of  the  light 


P.  KZM0TBDT  -  ON  EXPERIMENTS  WITH  TESLA  CURRENTS. 
(  Wiedemann's  AnnaUn^  Vol,  62,  No.  7,  p.  478.) 
The  author  has  succeeded  in  reproducing  most  of  Tesla's  experiments  with 
very  simple  apparatus:  he  utilised  at  fiivt  the  Lecher  method  of  producing  electrical 
oscillation,  but  later  on  used  the  still  more  common  Leyden  jar.  The  pole  of  a 
powerful  Ruhmkorff  coil  50  cm.  long  and  20  cm.  in  diameter,  and  used  with  five 
or  six  accumulator  cells,  was  connected  to  the  inner  coatings  of  two  medium-sixed 
Leyden  Jars  insulated  from  one  another  by  standing  on  paraffin  blocks,  and  also  to 
a  spark  micrometer.  The  outer  coatings  of  the  jars  were  connected  together  by  a 
copper  wire  4  ram.  thick  and  120  cm.  long,  bent  into  U  shape.  A  16-voIt  0ow 
lamp  put  in  parallel  with  this  wire  was  soon  brought  to  incandescence  when  the 
apark  micrometer  was  suitably  adjusted.  When  jars  16  cm.  in  diameter  and  42  cm. 
high  were  used,  as  many  as  three  lamps  could  be  made  to  glow-~a  6o-volt  lamp 
below,  a  16-volt  lamp  in  the  middle,  and  a  2-voit  lamp  at  the  top.  If  the  nipple 
of  soch  a  lamp  be  filed  off  it  ceasjs  almost  entirely  to  glow.  TesU  ascribes  this 
fact  to  the  alteration  in  the  molecular  bombardment  in  the  lamp ;  but  the  author 
considers  that  it  is  due  to  the  convection  of  heat  by  the  air  admitted. 
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If  the  incandescent  body  be  a  platinum  wire  of  0*05  to  0*1  mm.  diameter,  it 
oscillates  violently  while  glowing,  not  in  one  plane  like  a  string  under  tension, 
but  in  every  possible  plane,  becoming  a  model  of  a  beam  of  natural  light.  It  is 
essential  to  the  success  of  this  experiment  to  use  a  proper  interruptor  and  a 
suitable  spark  micrometer.  As  interruptor  the  author  used  the  Foucanlt  form, 
with  tough  zinc  amalgam  in  the  place  of  mercury,  and  covered  vnth  machine  oil. 
The  balls  of  the  micrometer  are  best  made  of  ziuc. 

The  Tesla  transformer  was  made  as  follows : — A  glass  tube  of  4  cm.  diameter 
was  taken,  and  on  it  were  wound  10  turns,  I  cm.  apart,  of  a  wire  4  mm.  thick. 
Over  this  was  pushed  an  ebonite  tube,  6  mm.  thick,  on  which  were  200  turns  of 
wire  1  mm.  thick  and  spaced  with  1  mm.  between  each.  The  whole  transformer 
was  placed  in  an  earthenware  container  filled  with  machine  oil,  the  secondary 
terminals  being  two  metal  balls  on  ebonite  pillars.  The  primary  was  put  in  the 
plac(^  of  the  U-shaped  wire,  between  the  outsides  of  the  Leyden  jars.  When  the 
interruptor  begins  working,  brush  discharges  start  from  these  balls,  and  sparks 
spring  to  a  conductor  put  near.  Two  parallel  wires  starting  from  the  balls  have 
between  them  a  broad  band  of  light  S-4  metres  long.  If  one  pole  be  put  to  earth, 
and  to  the  other  be  connected  a  wire  15-20  cm.  long,  hanging  freely  downwards, 
it  begins  to  move  when  the  interruptor  is  started,  and  describes  the  surface  of  a 
cone,  which  is  easily  seen  in  a  dark  room  by  the  brush  discharge,  which  render!}  it 
luminous 

If  anyone  takes  hold  of  the  pole  of  such  a  transformer  with  the  hand,  rays  of 
light  start  from  any  part  of  his  body  when  a  conductor  is  held  near.  If  he  stands 
on  a  metal  plate  he  feels  a  pricking  sensation  in  his  feet,  and  in  the  dark  the  ra>  s 
coming  out  of  the  soles  of  his  shoes  may  easily  be  seen.  If  several  persons  fcnn  a 
chain,  and  the  first  touches  one  pole  of  the  transformer,  while  the  last  holds  in  his 
hand  a  vacuum  tube  with  or  without  electrodes,  the  tube  glows  brilliantly.  None 
of  tlie  persons  feel  any  symptom  of  the  electrical  phenomena. 

If  one  pole  of  the  transformer  be  earthed  and  the  other  connected  to  a  metal 
sphere  60  cm.  in  diameter,  vacuum  tubes  glow  brightly  up  to  15  feet  away.  A 
glow  lamp  connected  to  the  unearthed  pole  glows  faintly  in  a  phosphorescent 
manner ;  but  if  a  large  metal  reflector  be  placed  over  the  lamp  it  glows  brilliantly, 
while  the  filament  oscillates  so  violently  that  it  soon  breaks.  If  a  conductor  be 
held  near  the  point  of  the  lamp,  the  glass  is  immediately  punctured  by  the  current, 
a  continuous  and  brilliant  stream  of  sparks  passes  through  the  opening,  and  the 
filament  glows  until  it  burns  away. 

In  the  second  portion  of  the  article  the  author  remarks  that  a  Tesla  trans- 
former differs  in  important  particulars  from  an  ordinary  Ruhmkorff  coil.  A 
vacuum  tube  connected  in  any  manner  to  the  transformer  shows  kathode  light  at 
both  electrodes,  and  evenly  distributed  anode  light  in  the  centre.  An  alteration  of 
direction  of  the  primary  current,  or  alteration  of  pole,  has  no  effect  in  altering  this 
phenomenon.  An  electroscope  is  always  charged  positively  if  held  to  either  pole, 
and  both  poles  give  positive  Lichtenberg  figures  only.  It  was  tound  that  this 
effect  depended  on  the  nature  of  the  surrounding  medium.  Air  and  oxygen 
produce  positive  discharge ;  hydrogen,  illuminating  gas,  nitrogen,  carbon  dioxide, 
and  ammonia  give  negative  discharges.     If  a  pole  have  two  points  immersed  in  air 
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an  1  hydrogen  respectively,  positive  and  negative  diecharges  tike  place  simul- 
tane  >u8ly,  according  to  the  medium.  If  a  pole  be  in  oxygen,  and  nitrogen  be 
gradually  added,  an  electroscope  shows  first  a  positive  charge,  first  increasing, 
reaching  a  maximum  at  the  mixture  corresponding  to  air,  and  then  diminishing, 
and  ultimately  becoming  negative.  With  a  Ruhmkorff  coil  the  charge  in  the 
electroscope  changes  sign  if  the  primary  current  be  reversed. 


A.  KSrDWStLLEB-TUE   VILLARI  CRITICAL  POINT  IN  NICKEL. 
C  Wiedemann's  Annalen,  Vol.  52,  No,  7,  p.  462.) 

The  author  points  out  that  hitherto  researches  on  the  point  have  indicated  a 
difference  in  the  relation  of  magnetic  to  elastic  qualities  for  the  metals  iron  and 
nickel.  The  researches  of  Wiedemann,  Nagaoka,  and  Zehnder  have  shown  the 
effects  of  torsion  on  longitudinal  and  circular  magnetisation  ;  and  the  effects  of  pull 
on  longitudinal  magnetisation  have  also  been  investigated.  The  two  phenomena  are 
connected  in  this  way — that  the  torsion  produces  an'  expansion  in  one  direction, 
and  a  compression  in  the  direction  at  right  angles  to  it ;  and  the  chief  difference 
between  iron  and  nickel  lies  in  this — that  the  former  with  low  magnetisation  gets 
an  increased  induction  when  stretched  and  a  diminished  induction  when  compressed 
In  the  direction  of  the  magnetising  force.  The  effect  reverses  with  increased  forces, 
so  that  there  is  a  point  at  which  a  C3rtain  force,  depending  for  its  value  on  the 
magnetisation,  produces  no  alteration  of  induction.  Villari  was  the  first  to  observe 
the  increase  of  induction  by  a  tensile  strain  ;  and  the  point  at  which  with  increasing 
stress  the  induction  attains  its  original  value,  before  beginning  to  diminish,  is  called, 
after  him,  the  Villari  critical  point. 

Xo  such  point  has  hitherto  been  observed  in  nickel ;  the  application  of  a  tensile 
force  diminishing,  while  compression  increases,  the  value  of  the  magnetisation  for 
given  magnetising  force.  On  the  other  hand,  the  effects  observed  in  iron  are  in 
accordance  with  what  would  be  expected  on  the  E wing- Weber  theory  of  molecular 
magnets ;  and  it  was  therefore  advisable  to  more  carefully  investigate  the  subject  of 
the  apparent  difference  between  iron  and  nickel,  which  appeared  to  be  qualitative. 
It  must  be  observed  tliat  the  reversal  of  the  effects  of  tensile  stress  on  the  temporary 
magnetism  of  nickel  with  strong  magnetisation,  described  by  Tomlinson  in  1890,  is 
not  the  Villari  curve,  but  relates  to  quite  another  effect. 

Ic  seemed  probable  that  the  reversal  should  be  looked  for  with  very  weak 
forces  in  nickel,  and  the  apparatus  was  prepared  accordingly,  a  magaetometric 
method  with  aatatic  needle  system  bt-ing  used,  with  the  vertical  nickel  wire 
4*7  cm.  away.  The  lower  end  of  the  wire — about  on  a  level  with  the  upper 
magnet  needle — was  inside  the  magnetising  coil  about  7  cm.  from  the  end,  and 
thus  in  a  very  uniform  field.  It  was  e%Bj  to  arrange  the  height  so  as  to  produce 
the  maximum  deflection.  The  tension  and  compression  were  produced  by  a  lever 
above,  with  sliding  weight;  the  wire  being  prevented  from  moving  sideways 
by  confinement  in  a  glass  tube.  The  forces  of]  compression  went  up  to  2*7  kilos., 
and  the  tensile  forces  to  8*9  kilos.  The  magnetising  forces  may  be  taken  as 
purely  longitudinal,  the  horizontal  component  of  the  earth*8  field  not  having  a 
sensible  effect.  The  usual  reduction  to  C.G.3.  units  gave  40  millimetres  deflection 
«vith  a  scale  1,860  mm.  away  for  one  C.G.S.  unit  of  induction.  One  diflSculty 
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lies  in  the  demagnetisation  of  the  nickel,  which  is  very  difficult  to  effect:  the 
gtadnally  decreasing  alternate  current  is  not  sufficiently  sensitlTe ;  and  eren  the 
very  repetition  of  the  experiment  suffices  to  give  the  nickel  a  permanent  set.  The 
author  appears  to  have  attained  his  end  hy  vibration ,  and  very  weak  demagnetising 
forces.  The  nickel  wire  was  made  by  Desaga,  of  Heidelberg,  chemically  pnre^ 
0*15  cm,  thick  and  46  cm.  long,  well  annealed.  It  has  a  specific  conductivity  of  7*7 
times  that  of  mercury  (both  at  (f%  being  that  given  by  Fenssner,  but  smaller  than 
those  of  Matthiessen  and  Vogt  and  Dewar  and  Fleming.  Six  tables  of  fignr<s  em- 
bodying the  results  are  given  in  the  paper,  with  values  of  I  varying  between  a^out  i) 
and  10  C.O.S.  units,  and  with  positive  and  negative  mechanical  stress.  The  results 
are  broadly  as  follows : — With  weak  induction  the  curve  representing  the  relation 
of  the  longitudinal  intensity  of  magnetisation,  I,  to  the  value  of  a  tensile  or 
compressing  force  in  the  same  direction,  P,  shows  a  minimum  and  a  maximum. 
Beginning  with  the  greatest  negative  force,  and  gradually  altering  through  zero  to 
a  maximum  positive  force,  the  induction  falls  steadily,  reaches  a  uiiuiaium,  rises  to 
a  maximum,  and  then  begins  falling  again.  These  maxima  and  minima  get  Uss 
defined  and  nearer  together  the  stronger  the  magnetisation  becomes,  and  at  a 
certain  value  of  the  latter  they  disappear  entirely.  The  position  of  the  point 
where  the  curve  crosses  the  zero  of  mechanical  stress  depends  on  the  previous 
magnetic  and  mechanical  history  of  the  specimen,  and  the  curve  is  not  often 
symmetrically  divided  by  this  zero  of  absciss®.  These  effects  are  probably 
connected  with  the  hysteresis  observed  in  mechanical  deformations  which  are 
inseparable  from  the  application  of  the  mechanical  forces.  By  continued  appli> 
cation  of  tensile  stress  the  zero  may  get  shifted  very  considerably,  and  is  only 
broaght  back  by  application  of  negative  forces  or  pressure.  The  nickel  showa 
hysteresis  in  regard  to  the  effects  of  tension,  thus  differing  from  its  behaviour 
when  strongly  magnetised.  Comparing  these  with  the  results  of  Villari,  Thomson,, 
and  Ewing,  it  is  seen  that  there  is  only  a  quantitative  difference  in  the  behaviour 
of  iron  and  nickel,  due  to  the  difference  in  strength  of  the  molecuUr  magnets. 


P.  liEBEDBW— ON  THE   MECHANICAL  EFFECTS    OF  WAVES    OX 
STILL  RESONATORS:    I.— ELECTRICAL  WAVES. 

(  Wiedemann's  Annaleny  Vol  52,  No,  8,  p.  621.) 

The  author  proposes  to  investigate  on  a  uniform  plan  the  mechanical  forces 
of  attraction  and  repulsion  which  each  of  the  different  wave-motions  produces  on  a 
body  swinging  with  it.  Only  the  simplest  case  is  to  be  considered,  viz.,  when  a 
series  of  waves  impinges  on  a  fixed  resonator  which  does  not  sensibly  react  on  the 
source  of  the  waves.  On  the  other  hand,  the  question  of  the  dependence  of  sign 
and  magnitude  of  the  forces  on  the  resonance  will  be  the  subject  of  the  greatest 
attention.  This  first  section  of  the  research  deals  with  electro-magnetic  waves,, 
and  the  arrangement  of  apparatus  was  as  follows  :^A  Hertz  primary  conductor 
excites  a  certain  metal  body  tuned  to  vibrate  with  it,  the  vibrator,  which  keeps  up 
the  oscillations  for  a  considerable  period,  and  therefore  serves  with  advantage  as  a 
source  of  waves  of  unalterable  period ;  a  very  light  resonator,  whose  period  can  be 
determined  in  the  usual  way  by  measurement  of  wave-lengths,  is  htmg  on  a 
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torsional  suspension  in  the  vicinity  of  the  vibrator  in  sach  a  manner  that  the 
oscillations  of  the  latter  excite  the  resonator,  and  the  mechanical  forces  tarn  it  at 
the  same  time,  the  angle  of  deflection  8er>'ing  as  a  measurement  of  the  force 
acting  upon  it. 

In  the  experiments  the  resonator  was  altered  step  by  step,  and  each  timo  its 
period  and  the  corresponding  mechanical  force  acting  on  it ;  the  observations  give 
directly,  therefore,  the  ratio  of  mechanical  force  to  resonance.  In  oriler  to 
separate  the  effects  of  the  magnetic  and  electric  components  of  the  electro- 
magnetic oscillation,  a  vibrator  and  reifonator  of  the  type  known  as  magnetic,  as 
well  as  a  pair  of  electric  ones,  were  prepared.  The  magnetic  vibrator  consisted  of 
a  band  of  zinc  bent  np,  20  cm.  broad  and  65  cm.  long ;  and  the  magnetic  resonator 
was  four  vertical  tarns  of  a  fine  silver  wire  whose  QDds  were  connected  to  two 
horizontal  condenser  plates  whose  distance  apart  was  capable  of  adjustment. 
The  electric  vibrator  was  constructed  of  two  rectangular  zinc  plates  put  parallel  to 
one  another  and  joined  by  a  band  of  copper ;  and  the  electric  resonator  was  formed 
of  two  cylinder  quadrants  of  aluminium  sheet  pat  with  their  concave  sides  facing 
one  another,  connected  by  a  coil  containing  self-induction  to  horizontal  turns  of 
wire.  The  magnetic  and  electric  resonators  behaved  in  a  precisely  similar  manner 
during  the  experiments,  and  the  final  conclusion  from  experiment  and  calculation 
is  as  follows : — The  mechanical  effect  of  the  exciting  wave  on  the  resonator  is 
directly  proportional  to  the  quantity  of  energy  falling  on  it,  and  depends  only  on 
the  ratio  of  the  number  of  wavep,  not  on  their  absolute  value.  When  the 
resonator  is  tuned  higher  than  the  source  of  the  waves  it  is  attracted;  this 
attraction  reaches  a  maximum  when  the  two  are  in  tune,  and  then  changes  rapidly, 
but  stably,  into  a  maximum  repulsion  as  the  resonant  point  is  passed,  this 
repulsion  becoming  less  as  the  two  become  more  out  of  tune ;  and  the  phenomenon 
is  symraetncal  as  regards  the  resonant  number  of  oscillationa 


B.  HAAS— THE  SPECIFIC  CONDUCTIVITY  AND  TUE  TEMPERA- 
TURE COEFFICIENT  OF  TUE  COPPER-ZINC  ALLOYS. 
(Wiedemann's  Annalen,  VoL  62,  No,  8,  p.  673.) 
Since  the  s^clfic  conductivity  and  the  temperature  coefficient  of  alloys  are  very 
sensitive,  even  to  minute  changes  in  their  constitution,  the  author  considers  that  both 
of  these  properties  form  good  means  of  settling  the  question  whether  copper  and 
line  at  any  particular  percentages  of  mixture  form  a  chemical  combination  or  not. 
In  constructing  such  alloys  of  from  0  to  100  per  cent  zinc,  the  author  could  only 
make  those  up  to  50  per  cent,  in  the  form  of  wire,  owing  to  the  hardness  and  brittle- 
ness  of  the  alloys  containing  higher  percentages  of  zinc ;  and  great  precautions  were 
taken  to  ensure  the  same  initial  conditions  as  regards  all  the  wires  used.  The 
differences  observed,  and  probably  ascribable  to  structural  difference,  amount  to  about 
half  per  cent.  The  Wheatstone-Kirchhoff  bridge  was  used  for  the  measurements. 
The  results  of  the  observations  are  given  in  the  following  table.  It  must  be  noted 
that  in  all  the  alloys  the  resistance  is  a  linear  function  of  the  temperature ;  they 
behave  like  pure  metals  (excepting  iron)  in  this  respect.  The  table  shows  that 
copper  alloyed  with  an  increasing  amount  of  zinc  increases  in  resistance,  at  first 
rapidly,  then  more  slowly  till  34  per  cent.,  where  the  resistance  attains  a  maximum. 
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and  falls  equally  quickly  from  84  per  cent,  to  48  per  cent.  sine.  Between  this 
and  pure  zinc  the  curve  must  turn  up  again,  as  the  specific  resistance  is  higher  for 
the  latter.  The  maximum  at  34  per  cent,  was  not  observed  by  6.  Wiedemann,  nor 
by  Matthiessen  and  Vogt. 

The  temperature  coefficient,  on  the  other  hand,  increases  at  first  rapidly,  but 
with  decreasing  rapidity  as  more  and  more  zinc  is  added,  reaching  a  minimum 
value  between  17  and  30  per  cent,  where  it  is  fairly  constant,  and  then  rises  again 
sharply  to  within  20  per  cent,  of  its  original  value  at  an  alloy  of  47  per  cent,  of 
zinc.  An  interesting  point  is  the  high  value  found  for  the  temperature  coefficient 
of  pure  copper — 0*00432 ;  hitherto  0*014  has  been  considered  high.  The  author 
attributes  the  difference  in  his  and  Mathies9en*8  results  to  the  superior  purity  of 
the  metals  which  the  former  uses,  and  especially  to  the  absence  of  carbon. 

It  will  be  noted  that  the  maximum  conductivity  and  minimum  temperature 

coefficient  coincide  in  an  alloy  having  a  composition  of  84  per  cent,  zinc  and  66 

per  cent,  copper.    At  this  value  the  compound  Cu,  Zn  would  be  formed,  if  at  all ; 

and  the   chances  of  this   being   an  accident  are   rendered  smaller  by  the  fact 

that  Ball  and  Kaminsky  showed  that  the  alloys  in  the  proportion  Cn,  Sb  and 

Cu^  Sn  gave  minima  of  specific  resistance.     In  all  th?se,  as  in  Cu,  O  or  Cu,  S, 

copper  shows  itself  as  a  monad.     It  is  rendered,  therefore,  very  probable  that 

copper  and  zinc  combine  in  a  stable  compound   Cu,  Zn ;  and  it  is  also  likely 

enough  that  it  is  to  this  fact  that  brass  owes  the  qualities  which  distinguish  it  from 

its  component  metals. 

Rbsults  of  thb  Expbrimbnts. 
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A.  SX.EZNBR— ON  THE  QUESTION  OF  THE  POSITION  OF  THE 
ELECTRICITY  IN  A  CONDENSER. 

(Wiedemann's  Annafen,  Vol.  62,  No,  8,/>.  728.) 

Franklin  showed  many  years  ago  that  in  a  charged  condenser  the  conducting 
portions  may  be  removed  and  separately  discharged,  and  that  if  the  condenser  be 
then  put  together  again  it  is  found  to  be  charged.  Modem  measurements  show 
clearly  that  the  greater  portion  of  the  charge  is  in  the  dielectric,  which  is  polarised. 
Reckoning  un  the  analogy  between  dielectric  and  magnetic  polarisation,  it  should 
be  possible  to  split  up  the  dielectric  material  into  thin  layers,  each  of  which  would 
itself  be  charged  ;  and  a  mica  condenser  lends  itself  admirably  to  thi-i  experiment. 
The  condensers  experimented  on  were  formed  by  floating  tliin  mica  plates,  on 
whose  upper  side  a  circular  tinfoil  coating  was  stuck,  on  mercury.  They  were 
charged  to  300  volts,  and  the  charge  measured  by  discharging  through  a  sensitive 
galvanometer.  The  result  of  the  experiments  showed  that  when  the  dielectric, 
after  charging,  was  sulxlivided,  each  piece  when  furnished  with  coatings  gave 
the  same  quantity  of  charge  as  the  undivided  condenser,  supposing  always  the 
losses  by  conduction  to  be  the  same  ;  from  which  it  appears  that  if  the  insulation 
were  absolutely  perfect  a  mica  dielectric  might  be  split  up  parallel  to  its  surfaces 
into  as  many  portions  as  you  please,  each  of  which  would  have  the  same  charge  as 
the  original  condenser.  The  simplest  explanation  of  this  is  a  dielectric  polarisa- 
tion similar  to  that  assumed  for  magnets. 


O.  OBOT&IAN-ON  TllE   MAGNETISATION  0^  IRON  CYLINDERS. 

{Wiedemann's  Annalen,  Vol.  52,  No.  8,  p.  735.) 

As  already  annoauced,  the  author's  experiments  on  hollow  iron  cylinders  have 
.led  him  to  the  conclusion  that  with  small  magnetising  forces  only  the  outer  layers 
of  a  solid  cylinder  get  magnetised,  and  this  effect  is  very  marked.  The  prese  t 
article  is  written  for  the  purpose  of  overcoming  objections  raised  by  Messrs.  du 
Bois  and  AscolL 

If  a  solid  cylinder  be  magnetised  vertically  up  to  a  point  of  moderate 
saturation,  and  a  card  of  iron  filings  be  laid  on  it,  nearly  all  the  filings  collect  into 
a  ring,  well  defined,  and  following  the  outline  of  the  flat  end  of  the  cylinder  on 
which  it  is  resting. 

If  a  balance  be  arranged  to  measore  the  pull  exercised  by  this  cylinder  on  a 
thin-pointed  steel  magnet  at  various  points  on  the  flat  surface  of  the  cylinder,  the 
force  required  to  pull  them  apart  is  tae  greater  the  further  the  point  of  contact  is 
from  the  centre,  np  to  within  a  millimetre  or  so  of  the  edge. 

These  two  experiments  show  that  the  induction  near  the  surface  of  the 
cylinder  is  greater  than  in  the  interior. 

If  powdered  iron  be  introduced  into  the  hollow  of  a  magnetised  iron  tube,  it 
•hows  no  tendency  to  arrange  itself  in  any  way  regularly,  nor  to  adhere  strongly 
to  the  sides.  If  a  card  covered  with  filinga  be  lowered  into  the  interior,  the  central 
particles  are  not  affected  below  a  certain  point  in  the  tube,  determined  by  the 
ma^etising  force ;  and  the  particles  lower  than  these,  or  near  the  sides  of  the  tube. 
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rhow  no  movement  when  the  current  is  turned  on.  These  phenomena  cletrly 
^how  the  existence  of  screening  action.  If  the  tube  be  shortened  into  a  ring  or 
very  short  cylinder,  the  action  at  the  centre  is  strongly  marked,  the  particles 
shooting  into  the  air  in  tree  form,  while  the  side  particles  are  unaffected ;  that  is 
to  SAy,  the  screening  here  acts  only  on  the  sides,  and  the  centre  is  left  exposed. 
The  magnetisation  of  an  iron  ring  will  therefore  be  of  a  different  character  from 
that  of  a  cylindrical  plate  of  similar  dimensions,  whose  central  portions  will  be 
markedly  maf^netised. 

These  conclusions  agree  with  those  of  Schulz,  who  determined  in  a  Lahmeyer 
machine  the  induction  for  various  values  of  magnetising  force,  magnetising  &om  a 
separate  source.  When  he  gradually  removed  the  central  portions  of  the  magnet 
limbs,  he  found,  even  for  small  degrees  of  magnetisation,  that  the  induction  was 
pr  •portional  to  the  area.  Schulz  ascribed  this  deviation  from  what  should  be 
anticipated  from  the  author*s  experiments  to  the  fact  that  the  magdets  used  by  him 
were  short  in  comparison  with  their  diameter,  and  this  agrees  with  what  his  later 
researches  have  indicated.  As  a  general  result,  the  author  states  that  the  portions 
of  a  cylinder  of  iron,  not  too  short  in  comparison  with  its  length,  which  is  magnetised 
in  the  direction  of  its  axis,  are  difFerently  magnetised  at  low  saturations  in  such  a 
manner  that  the  magnetisation  of  the  periphery  is  much  larger  than  that  of  the 
axial  portions.  

LUMMEB  and  KdBLBAUM- BO LO METRIC    RGSEARCUES   ON 

THE   SUBJECT  OF  A  UNIT  OF  LIGHT. 

CEUktrotechnische  ZeiUchrift,  1894,  No,  35,  p,  474.) 

A  technical  measure  of  light  should  be  easily  handled,  easily  set  up,  and 
clieip:  the  accuracy  is  a  matter  of  more  secondary  consideration;  while  the 
inverse  holds  with  a  unit  required  for  physical  purposes  of  all  the  standards  at 
present  us^d^candles,  Hefner  lamps,  pentaoe  burners,  Carcel  lamps,  and  so  on, — 
only  the  Hefner  lamp  fulfils  the  required  conditions,  and  it  has  for  some  time  been 
officially  standardised  by  the  Reichsanstalt.  This  very  standardisation,  however, 
presupposes  the  existence  of  a  standard  of  reference,  and  in  default  of  this  the 
Keichsanstalt  has  hitherto  used  a  series  of  incandescent  lamps  which  had  been 
compared  with  one  another,  and  in  which  the  current  could  hi  kept  constant 
within  1-lOOth  per  cent.  The  illuminating  power  of  each  of  these  was  determined 
by  comparison  with  a  number  of  Hefner  lamps  set  up  according  to  the  rule,  and 
now  constitutes  in  itself  a  standard  of  reference  independent  of  the  original 
Hefner  lamps.  The  problem  of  finding  a  definite  physical  standard  is  therefore  a 
very  pressing  one. 

The  Violle  platinum  standard  was  found  to  vary  with  the  purity  of  the 
])tatinum  ;  as  did  also  that  proposed  by  Siemens,  varying  soma  10  per  cent.  The 
experiments  showed,  however,  that  pure  platinum  would  serve  excellently  if  the 
temperature  could  be  kept  constant.  The  method  used  by  the  authors,  though 
somewhat  complex,  enables  standards  to  be  turned  out  independently,  and  not 
differing  by  1  per  cent  from  one  another. 

The  unit  of  light  propDsed  is  that  emitted  by  one  square  centimetre  of 
pi  itinum  at  a  definite  temperature,  which  is  defined  by  the  ratio  of  two  amounts 
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of  ra'liation.  One  of  these  is  that  proceeiiQg  frara  the  platinam,  and  the  other 
that  portion  of  it  which  passes  through  a  certain  absorbing  medium ;  and  the  two 
amounts  are  measured  by  the  warming'  of  a  bolometer.  The  absorbing  medium  is 
defined  as  a  vessel  with  parallel  quartz  sides  of  certain  thickness,  enclosing  a 
layer  of  water,  also  of  defined  thickness. 

In  this  manner  a  certain  temperature,  which  need  not  be  defined  in  centigrade 
degrees,  Is  kept  constant ;  and  it  was  assumed  that  the  platinum,  if  kept  at  a 
certain  fixed  temperature,  would  emit  the  same  amount  of  light ;  and  the  proof 
of  this  assumption  was  experimentally  obtained. 

The  current  heating  the  platinum  is  varied  until  the  galvanometer  deflections 
with  and  without  the  quartz  screen  show  a  ratio  of  10  :  1,  and  the  light  passing 
through  a  diaphragm  having  a  hole  1  cm.'  in  area  is  the  required  unit. 

A  full  description  is  given  in  the  paper  of  the  method  of  setting  up  the 
apparatus  required  for  heating  the  platinum  electrically,  and  for  the  other 
purposes,  such  as  photometric  comparisan  with  the  standard  when  obtained  ;  and 
>in  account  is  also  given  of  the  sources  of  error,  and  the  investigation  which 
s Sowed  the  limit  of  error  to  be  less  than  1  per  cent,  on  either  side  of  the  true 
va'ue. 

The  apparatus,  once  set  up,  is  in  future  to  be  used  for  reproducing  the  light 
unit,  n.id  will  be  the  standard  of  reference  for  photometric  measurements  used  by 
the  Reicbsanstalt. 


J.  TSZCKBCULLrR— THE  SPECIFIC  CONDUCTIVITY  OF  COPPER. 

(Poffer  read  be/ore  the  British  Association,) 

A  proposal  is  made  by  the  author  to  express  the  conductivity  of  copper  in 
units  of  the  electro-magnciic  system,  dropping  altogether  the  standard  hitherto  in 
vogue.  At  present  conductivity  is  expressed  either  by  comparison  with  that  of 
pure  copper,  or  in  multiples  of  that  of  mercury,  or  in  reciprocals  of  an  ohm.  The 
former  of  these  leads  to  great  confusion,  as  the  various  determinations  of  tho 
conductivity  of  pure  copper  vary  amongst  themselves  by  about  three  and  a  half  per 
cent,  with  the  result  that  some  samples  of  copper  have  more  than  100  per  cent, 
conductivity.  Matthiessen's  standard,  the  one  most  frequently  employed,  gives  the 
resistance  of  100  inches  of  pure  annea'ed  copper  wire  weighing  100  grains  as 
015 16  B.  A.  ohm  at  60^F. ;  and  to  reduce  this  value  to  international  ohms  atO^C, 
we  have  to  take  into  account  the  specific  gravity  of  copper,  and  its  temperature 
coeflicient,  both  of  which  are  more  or  less  undetermined-  being  dependent  on  the 
mechanical  and  molecular  pro])ertie8  of  the  copper.  Matthiessen  himself  tried  to 
distinguish  between  various  qualities  by  giving  figures  for  hard  drawn,  and  soft 
annealed  copper.  This  method  of  expressing  the  conductivity  is  therefore  most 
unsatisfactory.  The  method  of  comparison  with  mercury  is  better  than  the  first, 
but  has  no  relation  to  absolute  measurements.  The  measurement  of  the  condnc- 
tivity  of  copper  in  reciprocals  of  an  ohm  is  probably  used  least  of  all,  possibly 
because  of  the  want  of  a  name,  for  the  mho  is  not  at  all  in  common  use ;  bnt 
corresponding  to  the  megohm  centimetre  there  should  be  a  unit  of  specific 
conductivity,the  mega-mho-centimetre,  which  is  accordingly  proimsed  by  the  author 
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M  free  from  ambiiZQitj  and  in  harmony  with  the  absolate  system  of  measures  This 
unit  gives  the  mhos  of  conductivity  per  metre  of  length  and  square  millimetre 
of  section.  The  paper  was  originally  read  to  the  '*  Verband  Deutscher 
•*ElektPotechniker.'' 


B,    LSCKSK— A    STUDY    OF    UNIPOLAR    INDUCTION. 

(  Wiener  Ber„  July  12,  1894,  and  PAH,  Mag.,  Voi.  38,  No.  288,  p,  424.) 

In  an  abstract  of  this  paper  it  is  stated  that  the  author  has  divided  a  magnet 
eqnatorially  into  two  parts,  each  of  which  can  rotate  separately,  and  has  obtained 
by  suitable  spring  contacts  an  induction  current  which  cannot  possibly  be  due  to 
the  cutting  of  the  rotating  lines  of  force  in  the  short  spring  contacts.  The  current, 
says  the  author,  is  easily  explained  if  we  adopt  the  view  of  Faraday,  which  he 
afterwards  abandoned,  that  the  rotating  magnet  cuts  its  own  lines  of  force,  and 
thus  has  an  electro-motive  action. 


J.  DS  KOWAL8KI— ON  THE  MIXING  OF  LIQUIDS. 
(ComfiteM  Kendys,  Vol.  119,  No,  12,/>.  612.) 

The  experiments  carried  out  by  the  author  were  for  the  purpose  of  verifying 
a  theory  developed  by  Van  de  Waals,  in  which  it  is  stated  that  liquids  will  mix  at 
certain  pressures,  provided  these  be  high  enough. 

The  pressure  necessary  for  the  following  experiments  was  obtained  by  means 
of  a  screw  fitted  to  a  small  reservoir,  having  two  observation  holes  made  of  quartz, 
to  withstand  a  pressure  of  1,000  atmospheres. 

The  first  experiments  were  made  with  a  mixture  of  9*5  per  cent,  of  alcohol 
and  90*5  per  cent,  of  water.  The  mixture  became  homogeneous  at  a  temperature 
of  18*^.  The  experiments  were,  however,  made  at  15^,  compression  taking  place 
very  slowly,  in  order  not  to  raise  the  temperature  of  the  liquid.  A  pressure  of  over 
1,000  atmospheres  was  recorded  without  mixing  the  liquids.  The  same  .negative 
result  was  obtained  with  a  mixture  consisting  of  10  per  cent,  of  ether  and  90  per 
cent,  of  water,  and  another  consisting  of  4  per  cent,  of  aniline  and  9C  per  cent,  of 
water* 

In  order  to  increaae  the  mixing  power  of  the  liquids,  the  author  had  recourse 
to  the  following  method,  devised  by  M.  Duclaux : — A  mixture  of  ethylitic  alcohol 
and  (isobutylic)  alcohol  and  water  was  found  to  form  a  homogeneous  liquid  above 
22*4°,  and  to  divide  into  two  distinct  liquids  at  that  temperature.  The  quantities 
forming  the  mixture  were^such  that  a  surplus  of  (isobutylic)  alcohol  or  of  water 
added  to  the  mixture  would  have  diminished  the  temperature  of  separation  of 
the  homogeneous  liquid  into  two  distinct  liquids.  In  order  to  make  the 
meniscus  of  separation  more  marked,  a  small  quantity  of  blue  colouring  matter 
was  introduced,  which  was  soluble  in  alcohol  and  insoluble  in  water.  As 
would  be  expected,  the  temperature  at  which  complete  mixi'j^  took  place  was 
raised  by  the  introduction  of  this  colouring  matter. 

The  mixture  was  next'submitted  to  pressure,  temperature  being  kept  constant 
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at  19*5°.  On  gradnally  increasing  pressore,  a  flattening  of  the  meniscus  was 
observed  at  600  atmospheres,  which  became  more  marked  with  an  Increase  of 
pressnre.  The  coloration  of  the  two  parts  of  the  liquid  gradually  equalises,  and 
at  a  pressure  of  880  to  900  atmospheres  the  meniscus  disappears  completely  and  the 
two  liquids  mix. 

In  order  to  verify  that  the  heat  of  compression  wm  not  the  cause  of  this 
phenomenon,  a  pressure  of  910  atmospheres  was  maintained  for  an  hour.  The 
mixture  remained  homogeneous  at  a  temperature  of  19*5°,  but  on  lowering  this 
temperature  by  0*5^  the  line  of  deinarcation  became  distinct. 

These  phenomena  are  very  similar  to  that  of  a  gas  below  the  critical  temperature. 

The  last  experiment  was  an  attempt  to  mix  the  liquids  at  a  temperature  of  19° 
by  increasing  the  pressure.  At  a  pressure  of  about  1,000  atmospheres  no  change 
waa  noted  in  the  meniscus.  At  a  pressure  of  1,400  to  1 ,500  atmospheres  the  quartz 
pieces  were  broken,  but  the  liquids  remained  separated. 

These  last  experiments  lead  the  author  to  suppose  that  there  exists  a  tem- 
perature below  which  it  is  hnpossible  to  mix  liquids  by  simple  compression. 


HSNRZ    M0Z88AV— IMPURITIES   IN   COMMEHCIAL    ALUMINIUM. 

{Comptes  Hendug,  Voi,  19,  No,  I,  p.  12.) 

Aluminium  obtained  by  the  different  electrolytic  processes  is  never  pure,  and 

its  composition  is  very  variable.    The  chief  impurities  exist  in  the  form  of  iron 

and  silicon.    The  iron  comes  from  the  ore,  the  electrodes,  and  the  crucible.    A 

small  percentage  of  iron  is  detrimental  to  the  quality  of  the  metal.    The  silicon 

also  partly  comes  from  the  electrodes  and  crucibles,  but  chiefly  from  the  aluminium 

employed.     Its  presence  is  more  diflScult  to  avoid.     Although  in  many  cases  its 

presence  is  not  harmful,  it  can  be  considerably  eliminated  by  fusing  the  metal 

under  a  layer  of  an  alkaline  fluoride.  '  But  apart  from  iron  and  silicon  there  exist 

two  impurities  which  have  not  before  been  mentioned,  viz.,  nitrogen  and  carbon. 

When  a  small  piece  of  commercial  aluminium  is  treated  with  a  10  per  cent. 

solution  of  potash,  the  metal  is  readily  attacked,  and  the  liberated  hydrogen 

contains  a  snmll  quantity  of  ammoniacal  gases.    Absolutely  pure  potash  should  be 

employed  for  this  experiment.    When  a  current  of  nitrogen  is  passed  through 

aluminium  in  a  molten  condition,  the  metal  shows  a  diminution  in  its  breaking 

stress  and  its  elongation. 

Limit  of  Breaking         ««„«,* j«„ 

EUatidty.  8tre«.  ElonRation. 

Cast  aluminium       7*500  kg.        11102  kg.        9  mm. 

Aluminium  saturated  with  nitrogen       G*500  „  U*G      „  G    „ 

The  percentage  of  carbon  in  commercial  brands  of  aluminium  is  greater  tlinn 
that  of  nitrogen.  The  following  figures  have  been  obtained  as  the  percentage  uf 
carbon : — 0*104,  0*108,  and  0*080  per  cent.  Its  presence  has  a  marked  effect  on 
the  characteristic  properties  of  the  metal.  Where  cast  aluminium  was  found  to 
have  a  breaking  stress  of  iri  kg.  and  a  lengthening  of  9  per  cent.,  carbnretted 
aluminium  had  a  breaking  stress  of  only  8*6  kg.  and  6*5  kg.  and  an  elongation 
of  8  mm.  and  5  mm.  per  cent. 
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These  experiments  were  made  on  the  metal  directly  after  casting.    The  fol- 
lowing figures  are  after  annealing  and  rolling : — 

Limit  of         Breaking       t^««*»,-«««« 
ElMtlcity.  Strew.         Lengthening. 

Carburetted  aluminium  20  kg.       20*798  kg.        2*5  mm. 

After  rolling  and  annealing 7*7,,        13'S      ,,        2G*o    ,, 

In  conclusion,  it  is  necessary  to  obtain  aluminiam  as  pure  as  possible,  as  the 
above  impurities  greatly  influence  its  properties. 


U.  M.  C.  BBBSON  and  K.  B0NA88E— ON  THE  ELASTICITY  OF 
TORSION  OF  AN  OSCILLATING  WIRE. 

{Comptes  Rendus,  Vol,  119,  No,  1,  p.  48.) 

The  numerous  researches  which  have  been  carried  out  on  the  elasticity  of 
torsion  of  wires,  have  been  made  with  the  object  of  studying  the  laws  of  torsion 
under  static  conditions. 

The  following  experiments  were  made  to  ascertain  the  oscillatory  movement  of 
a  platinum  wire  annealed  at  a  red  heat,  and  violently  moved  from  its  position  of 
equilibrium  : — 

During  the  action  of  the  initial  force  producing  torsion,  which  lasted  about  one 
second  15  photographs  were  taken  at  kno%vn  intervals,  and  from  10  to  15  extra 
photographs  were  taken  of  the  position  of  the  wire  during  a  fraction  of  the  ensuing 
second.  During  the  first  oscillations,  from  50  to  100  photographs  were  taken  at 
known  equi-distant  periods  recorded  on  an  electro-magnetic  chronograph ;  the 
time  of  passing  through  the  initial  zero  being  also  carefully  recorded  on  the  same 
instrument.  The  amplitude  of  oscillation  was  also  measured  during  a  great  number 
of  oscillations. 

The  first  general  result  obtained  was  the  apparent  permanent  displacement  of 
the  zero  position.  This  displacement  takes  place  in  the  direction  of  the  first 
impulse,  and  for  any  given  material  it  increases — 

(1)  With  the  diameter  of  the  wire.    The  phenomenon  is  little  marked  with 

wires  of  O'Ol  cm.  diameter,  but  with  wire  of  0*015  cm.  diameter  the 
displacement  has  a  value  of  35°. 

(2)  With  the  maximum  acceleration  during  the  action  of  the  first  impulse. 

It  has  also  been  noted  that  if  an  annealed  wire  has  received  a  certain  initial 
impulse,  producing  a  displacement  from  its  sero  position,  and  if  after  the  dying 
away  of  these  oscillations  it  receives  another  impulse,  equal  to  and  in  the  same 
direction  as  the  first  one,  the  displacement  from  the  zero  position  will  be  in  the 
same  direction,  but  much  smaller  than  the  last,  and  with  successive  impulses  these 
displacements  from  zero  rapidly  decrease. 

If  after  a  first  series  of  oscillations  an  impulse  is  given  in  the  opposite 
direction,  there  will  be  a  displacement  of  the  zero  in  the  same  direction  as  the 
impulse,  but  weaker  than  the  first,  so  that  the  zero  will  be  far  from  having  returned 
to  its  original  position. 

The  permanent  distortion  of  the  wire  existing  with  very  small  torsions,  as 
compared  to  that  which  corresponds  with  the  static  elastic  limit,  is  equivalent  to  a 
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considerable  loss  of  energy  during  the  first  oscillation,  the  energy  stored  in  the 
wire  daring  oscillation  tending  towards  a  certain  asymptotic  value. 


M.    DBSZSti    KO&DA~A    TRANSFORMER    FOR    CONVERTING 
MONOPHASE  CURRENTS  INTO  TRIPHASE   CURRENTS. 

{Comptes  RenduM,  Vol,  119,  No.  l,p,  61.) 

This  apparatus  produces  a  rotating  magnetic  field  of  constant  intensity  by 
means  of  a  monophase  current 

It  is  designed  for  the  following  requirements : — 

1.  To  cause  single- phase  asynchronous  motors  to  start  a  full  torque. 

2.  To  allow  of  triphase  motors  bsing  connected  on  a  single-phase  circuit. 

3.  To  act  as  an  ordinary  transformer  of  voltage. 

It  consists,  in  principle,  of  a  transformer  with  three  cores,  and  of  a  movable 
self-induction  coil,  and  its  theoretical  working  conditions  are  as  follows  : — 

The  circuit  carrying  the  monophase  current,  t  »  I  sin  w  t,  U  divided  into  two 
b*>anches,  I.  and  II.,  having  the  same  ohmic  resistance.  A  self-induction  coil  is 
inserted  into  branch  II.  in  order  that 

I^=^T=tan60° (1) 

O    y 

where  w  =  -=f  (T  being  the  periodic  time). 

The  current  in  branch  I.  may  be  expressed  by — 

E 

i\  a«  —  sin  »  /. 

K 

The  current  in  branch  II.  is  expressed  by — 

E 

sin  («  /  —  a) 

-  ^-g  sin  («  <  -  CO^). 

That  is  to  say,  t\  will  be  one-half  of  current  /,  as  long  as  equation  (1)  is  satisfied. 

If  the  branch   II.   contains  n  turns,  the  branch  I.  nmet  contain  -  turns  wound 

round  the  second  core,  and  in  opposite  directions  relatively  to  one  another. 

An  equal  flux  will  be  obtained  in   each  circuit,  but  having  a  difference  of 

phase  of  240^.     And  the  sum  of  these  turns,  wound  in  opposing  direction  round 

the  third  core,  will  produce  a  third  flux.     By  this  means  three-phase  currents  can 

be  obtained  in  the  secondary  circuits  of  the  transformer.     Consequently,  by  coupling 

up  the  three  starting  ends  of  these  secondary  coiK  a  zero  point,  0,  will  be  obtained 

60  long  as  condition  (1)  holds  good ;  and  this  point  0  may  be  connected  by  means 

of  a  wire  to  earth,  or  to  the  second  connection,  0^,  of  the  secondar}'  coils,  without 

observing  any  flow  of  current  in  that  wire.     But  when  the  load  of  the  transformer 

varies,  the  dilFerence  in  phase  expressed  by  the  lefc-hand  term  in  equation  (I)  will 

also  vary  equally  ;  for,  if 

,,  M«  «« 

*  =  A--ill--'_   /. 
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where  M  is  the  coefficient  of  mutual  indaction,  A  the  coefficient  of  self-indactiou 

of  the  primary  tnrns,  and  /  that  of  the  secondary  winding,  of  which  r  is  the 

ohmic  resistance,  the  difference  of  phase  between  the  branch  circuit  and  the 

coil  with  a  self-induction  L  will  be 

tan^  »  , 

s 
and  for  the  other  branch 

tan  ^  -  ^^- 

And  in  order  to  re  establish  the  difference  of  phase  $*-'$'»  60°)  it  will  be  necessaiy 
to  displace  the  core  of  the  self-induction  coil,  in  order  that 

tan  (^'  -  ^)  -v^"3, 
which  determines  a  new  value  for  L,  and  which  reduces  the  potential  of  the  point 
0  to  zero. 

The  displacement  of  the  core  can  be  affected  by  means  of  an  automatic  regulator, 
which  would  only  come  to  re«t  when  the  three  secondary  currents  are  quite  symmetri- 
cal, and  consequently  when  there  is  no  current  in  the  wire  0  G' 


A.  PBRBIH— THE  GRASSOT  ELECTRICITY  SUPPLY  METER  FOR 
CONTINUOUS  CURRENTS. 

(Annales  T€l4graphiques,  Vot.  21,  p.  243.) 

The  Qrassot  meter,  constructed  by  MM.  Ducretet  and  Lejeune,  is  essentially  an 
ampere-hour  or  coulomb  meter.  Its  working  depends  on  electro-chemical  action, 
and  when  current  is  passing  through  the  instrument  it  registers  continuously. 

A  carefully  drawn  silver  wire,  of  equal  diameter  throughout  its  length,  is  placed 
in  a  vertical  position,  its  lower  end  dipping  into  a  solution  of  nitrate  of  silver.  The 
wire  carries  a  weight  at  its  upper  end,  aiud  is  guided  by  a  glass  tube.  The  lower 
end  of  the  wire  rests  on  a  glass  plate  placed  a  little  below  the  surface  of  the  nitrate 
of  silver*  The  wire  at  some  distance  from  its  lower  end  is  made  to  press  tangential ly 
against  a  small  drum  fixed  on  the  main  spindle  of  the  counting  gear.  The  portion 
of  the  wire  dipping  into  the  solution  is  gradually  consimied  by  the  current,  and  a» 
the  wire  descends  it  causes  this  drum  to  revolve,  and  the  number  of  revolutions  are 
recorded  on  the  ordinary  arrangement  of  dials. 

The  cathode  coifsists  of  a  silver  plate  suspended  in  the  solution.  The  meter  is 
connected  as  a  shunt  to  a  low  resistance,  R,  of  German  silver  placed  in  the  main 
circuit.     The  voltameter  resistance  />er  se  is  verv-  low;  a  resistance,  r,  is  placed  in 

this  circuit.     The  current  passing  through  the  voltameter  will  then  b<s  ^r— 

of  the  total  current.  The  end  of  the  wire  is  eaten  away  by  electro-chemical  action 
into  the  form  of  a  conical  point.  It  may  happen  that  for  some  reason,  such  as  a 
violent  shock,  the  end  of  the  wire  has  become  blunt.  The  needle  of  the  counting 
train  will  have  moved  forward,  and  will  then  remain  in  a  fixed  position  notwith- 
standing a  flow  of  current  through  the  meter.  The  conical  end  of  the  wire  will  be 
re-formed  without  any  alteration  to  its  length  until  the  end  has  become  normal  in 
shape,  and  the  advance  of  the  needle  is  thus  componwited  for  without  producing 
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any  inaccuracy  in  registration.     The  advantages  claimed  for  this  type  of  meter 
are — 

1.  The  absence  of  mechanism  and  of  magnets,  heing  therefore  independent 

of  the  variations  of   a  magnetic  field,  and   yielding  more  constant 
results.     It  has  no  temperature  errors. 

2.  It  will  work  accurately  with  one  lamp. 

8.  It  consumes  no  current.      The  amount  of  silver  taken  from  the  wire 

is  re-deposited  on  the  cathode. 
4.  Its  silent  working. 


M.  BBLLOC— A   NEW  METHOD    OF   PKODUCING   THE  ELECTRIC 

ARC. 

(Journal  de  Phytique,  VoL  8,  p,  322.) 

Tais  method  consists  in  producing  aa  electrostatic  discharge  between  two 
electrodes  connected  to  the  terminals  of  the  sonrce  from  which  the  arc  is  to  be 
obtained.  The  distance  between  the  electrodes  at  which  the  phenomenon  takes 
place  depends — 

(1)  On  the  polarity  of  the  terminals  with  reference  to  that  of  the  electro- 

static machine. 

(2)  On  the  nature  of  the  electrodes. 

v8)  On  the  difference  of  potential  of  the  source. 
(4)  On  the  size  of  the  electrostatic  machine. 

The  following  are  the  maximum  values  of  the  sparking  gap  when  the  sonrce 
has  a  difference  of  potential  of  50  volts: — 


POLBS. 


Nature  of  the  Similar  Poles  Opposite  Poles 

Electrodes.  with  respect  to  with  respect  to 

one  another.  one  another. 

Carbon        0*5  mm.  1    mm. 

Copper       1        „  8      „ 

Zinc 1*5    ,,  8*5    ,, 

Copper- zinc  ...  —  8*6  „ 

The  arc  cannot  be  produced  if  the  electrostatic  machine  has  no  condenser,  or  if  it 
is  replaced  by  a  Ruhmkorff  coil.  With  a  four-plate  Holz  machine  the  sparking 
distance  obtained  has  been  as  great  as  7  to  8  mm.  with  zinc,  but  the  arc  could  not 
be  maintained.  With  alternating  currents  the  distance  is  considerably  decreased, 
and  the  steady  arc  is  replaced  by  a  number  of  flashes.  In  conclusion,  it  is  possible 
to  strike  the  electric  arc  in  the  same  manner  as  gas  is  lighted  by  an  electrostatic 
machine. 

&A.OUIi  FICTBT— EXPERIMENTAL  RESEARCHES  ON  THE  EFFECT 
OF  LOW  TEMPERATURES  ON  PHENOMENA  OF  PHOSPHOR- 
ESCENCE. 

(Coittptes  Rtndus,  Vol.  119,  No,  13,;>.  627.) 

The  object  of  these  experiments  was  to  determine  the  specific  action,  due  to  a 
great  lowering  of  temperature,  on  certain  bodies  which  are  luminous  in  the  dark. 
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after  exposure  to  the  solar  rays— phenomena  known  under  the  name  of  phosphores- 
cence, and  speciallj  studied  hy  £dm.  Becquerel. 
The  first  experiments  were  as  follows  :— 

Ghtfs  tubes  were  taken  containing  powdered  sulphate  of  calcium,  sulphate  of 
barjnm,  sulphate  of  strontium,  &c.  These  were  exposed  to  sunlight,  and  after- 
wards note  was  taken  as  to  the  amount  of  light  they  emitted  in  the  dark,  and  as  to 
the  duration  of  this  luminosity.  The  tubes  were  next  exposed  to  sunlight  for  m  ^re 
than  one  minute,  and  were  rapidly  reduced  to  a  temperature  of  -100°;  this  process 
occupying  from  five  to  six  minutes.  On  removing  the  tubes  to  an  absolutely  dark 
room  no  light  whatever  was  visible  to  three  observers.  On  allowing  the  tube  to 
get  warm,  the  top  is  seen  to  become  luminous,  and  this  effect  gradually  covers  the 
whole  tube,  and  after  five  or  six  minutes  it  has  regained  its  normal  brilliancy 
without  any  further  exposure  to  light.  This  result  is  general  for  all  phosphores- 
cent substances. 

The  next  experiments  were  for  the  purpose  of  determining  at  what  tempera- 
ture the  phosphorescence  of  substances  ceases  to  be  visible.  A  trough  was  filled 
with  alcohol  and  kept  at  a  temperature  of  —75^.  The  tubes  containing  the 
phosphorescent  substances  were  exposed  to  sunlight  and  rapidly  immersed  in  the 
trough  placed  in  the  dark  room.  The  brilliant  light  of  the  tube  was  visibly 
diminished  on  immersing  in  the  alcohol,  becoming  quite  invisible  when  the 
powder  had  reached  a  temperature  of  —60"  or  —70^. 

On  removing  the  tubes  from  the  trough  and  allowing  them  to  get  warm,  they 
were  seen,  after  half  an  hour,  to  regain  the  same  degree  of  luminosity  as  previous  to 
immersion  in  the  alcohol.  These  phenomena  are  general  for  all  phosphorescent 
subiitances. 

The  various  coloured  lights— such  as  blue,  green,  and  orange -emitted  by  the 
different  phosphorescent  metallic  sulphates  all  tend  to  pass  to  a  dull  yellow  before 
becoming  invisible. 

It  was  conclusively  proved  that  the  diminntiou  or  final  extinction  of  phosphor- 
escence was  in  no  way  due  to  the  moisture  and  frost  which  are  always  present  on  the 
surface  of  bodies  at  a  very  low  temperature. 

It  is  certain  that  phosphorescence  is  due  to  a  certain  movement  of  the  particles 
of  the  body.  The  oscillating  motions  are  annulled  at  low  temperatures;  luminous 
waves  are  no  longer  set  up,  and  phosphorescence  ceases. 


OEO&GBS  CHABFY— ON  THE  TRANSFORMATION  OF  IRON  AND 
OF  CARBON  WITH   RESPECT  TO  TEMPERING. 

(Comptes  Rendus,  VoL  118,  No.  23,  p.  1258.) 

The  hardening  of  steel  by  tempering  has  received  a  good  number  of  explanations, 
most  of  them,  however,  meeting  with  controversy.  The  author  proposed  to 
characterise  the  transformations  produced  by  tempering  by  making  a  series  of 
mechanical  tests. 

A  previous  series  of  tests  led  the  author  to  consider  that  during  the  process  of 
tempering  there  took  place  an  allotropic  transformation  in  the  iron.  Moreover,  it 
has  been  known  that  a  transformation  takes  place  in  the  carbon    accompanied. 
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amongst  other  things,  by  a  diminution  in  the  coloration  produced  by  dissolving  the 
steel  in  nitric  acid.  According  to  this,  £ggertz*8  colounnetric  method  would  show  a 
weakening  of  the  steel  dne  to  hardening. 

The  author  arriyes  at  the  following  conclusions: — The  process  of  tempering 
produces,  amongst  other  modifications,  a  transformation  in  the  iron  (characterised 
by  mechanical  tests)  and  a  transformation  in  the  carbon  (characterised  by 
Eggertz's  tests).  The  first  modification  seems  to  have  but  a  small  influence  on 
the  breaking  stress,  while  the  transformation  of  carbon  seems  to  correspond  to  an 
increase  in  hardness. 

M.  BI&KEIiAHD—ON    THE    MAGNETISATION    PRODUCED  BY 
HERTZIAN   CURRENTS:    A  MAGNETIC  DIELECTRIC. 

(Compies  Rendu*,  VoL  118,  No.  24, p.  1320.) 

Two  years  ago  it  was  conclusively  proved  by  experiment  that  Hertzian  vibra- 
tions will  travel  along  an  iron  wire,  magnetising  in  a  transverse  direction  the 
very  thin  layer  through  which  the  alternating  current  travels ;  the  thickness  of 
this  layer  not  being  more  than  a  few  thousandths  of  a  millimetre. 

These  experiments  led  the  author  to  consider  whether  it  would  be  possible  to- 
ptodnce  stationary  magnetic  waves  in  a  magnetic  cylinder  analogous  to  the 
stationary  electric  waves  existing  along  metallic  wires. 

Iron  could  not  be  used  for  producing  these  effects,  as  its  conductivity  would 
be  too  high,  this  having  been  confirmed  experimentally. 

The  author  then  sought  for  a  material  which  would  be  fairly  non-conducting, 
and  which  would  allow  the  magnetic  induction  to  penetrate  sufficiently  into  the 
centre. 

It  was  found  that  a  mixture  of  melted  paraffin  and  iron,  chemically  reduced  ta 
a  fine  powder,  answered  the  above  conditions ;  the  mixture  being  rendered  very 
homogeneous  by  the  addition  of  very  finely  powdered  quartz. 

The  exciter  employed  in  these  experiments  was  such  as  would  produce  waves 
of  considerable  length.  The  electrical  effect  on  a  spiral  of  wire  placed  in  the 
resonator  was  found  to  be  negligible.  This  spiral  of  12  turns  of  well-insulated 
wire,  placed  in  the  secondary  circuit,  receives  the  cylinders  of  different  materiala 
of  which  the  magnetic  properties  are  to  be  studied.  The  spark  micrometer, 
consisting  of  ball  and  point,  was  placed  above  an  adjustable  condenser  used  for 
adjusting  the  resonance. 

Altogether  12  different  cylinden  were  tested,  each  one  being  20  cm.  long  and. 
4  cm.  in  diameter,  and  consisted  of  the  following  :•»• 

1 .  A  cylinder  of  solid  soft  iron. 

2.  A  cylinder  consisting  of  a  bundle  of  iron  wires  buried  in  paraffin. 

3-9.  Six  cylinders  consisting  of  a  mixture  of  reduced  iron  and  paraffin,, 
containing  respectively  in  volume  the  following  percentages  of  iron :— 5,  10,  1>,. 
20,  25,  50. 

10.  A  cylinder  consisting  of  a  mixture  of  fine  powdered  zinc  and  paraffin^ 
there  being  40  per  cent,  by  volume  of  zinc. 

11.  A  cylinder  consisting  of  strip  brass  and  paraffin,  there  being  20  per  cent, 
of  metal 
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12.  A  glass  tube,  4*5  cm.  in  diameter,  to  be  filled  tvith  electrolytes  of  different 
<-onductivitieB. 

The  method  of  observing  was  as  follows :  — 

The  resonator,  with  its  empty  spiral,  wbb  pot  in  resonance  witli  the  exciter, 
and  the  maximam  length  of  spark  was  measured,  being  during  these  experiments 
from  4  ram.  to  9  mm.  long.  The  cylinders  1-12  were  then  introduced,  one  after 
the  other,  and  the  length  of  t^park  measured  in  each  case.  The  cylinder  1  made 
practically  no  difference.  Cylinders  2-4,  however,  reduced  the  secondary  spark 
to  1-lOth  of  its  initial  value ;  Nos.  7  and  8  to  1-lOOth  of  this  value  ;  and  No.  9  to 
1  -200th  (from  9  mm.  to  0*05  m.).  Cylinders  10  to  11  produced  but  a  feeble  action, 
the  reduction  being  from  8  mm.  to  7  mm.  Tube  12  was  filled  with  distilled  water 
4ind  did  not  sensibly  alter  the  spark  ;  while  with  a  solution  of  sulphuric  acid  of  10, 
20,  and  80  per  cent,  the  reduction  was  the  same  in  each  case — from  9  mm.  to 
About  1  -3  mm. 

In  attempting  to  re-establish  the  resonance  between  the  primary  and  secondary 
after  the  introduction  of  one  of  the  cylinders,  i;  was  found  that  the  period  of  the 
resonator  was  considerably  increased  by  the  presence  of  cylinders  2  and  4,  but 
the  length  of  spark  was  considerably  diminished. 

It  was  impossible  to  establish  unison  when  cylinders  5-9  were  introduced 
in  the  spiral,  pointing  out  that  the  iron  and  paraflSn  cylinders  absorb  much  energy, 
being  probably  due  to  hysteresis.  It  was  no  doubt  absorption  that  prevented  the 
stationary  magnetic  waves  from  being  observed. 

In  order  to  ascertain  to  what  depth  magnetisation  took  place  in  the  iron  and 
paraffin,  the  cylinders  were  made  hollow,  and  into  which  a  solid  cylinder  could  be 
introduced. 

The  presence  of  one  of  the  hollow  cylinders  caused  a  marked  diminution  in 
the  spark,  which  was  magnified  by  the  introduction  of  a  solid  cylinder  in  the 
firsi  one. 

It  was  found  in  this  way  that  the  magnetisation  easily  penetrated  to  a  depth  of 
7  mm.  in  a  10  per  cent,  iron  paraffin  cylinder,  and  to  a  depth  of  5  mm.  in  a 
25  per  cent,  cylinder.  

A.  BABBABBT— TELEPHONIC  CABLES  WITH  DRY  AIR 
CIRCULATION. 
(Annales  T^Urjraphiques,   Vol,  21,  May-June,  p,  193.) 
Telephone  cables  used  for  a  long  time  past  in  Paris  consisted  of  gutla-percha- 
covcred  wires  protected  with  a  covering  of  lead.     Although  modifications  have 
been  made  from  time  to  time,  the  following  specification  practically  holds  good : — 
The  cable  consists  of  seven  pairs  of  wires,  each  wire  consisting  of  three  strands 
of  copper  0*5  mm.  in  diameter,  and  covered  with  gutta-percha  to  form  a  diameter 
of  8  mm. 

The  seven  pairs  are  laid  up  together  to  form  a  cable,  which  is  then  covered 
with  cotton  tape,  and  finally  with  a  lead  covering  1*25  mm.  thick.  The  external 
diameter  of  the  cable  is  22  mm.  The  weight  per  kilometre  is  1-070  kilogrammes, 
and  the  length  of  each  section  is  500  metres.  The  ohmic  resistance  of  each  con- 
ductor is  31*22  ohms  at  +  24°  C,  and  the  insulation  resistance  per  kilometre  varies 
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between  200  and  2,500  megohms.  The  capacity  per  kilometre  is  0*25  microfarads* 
These  cables  are  easily  laid,  on  account  of  the  flexibility,  and  a  fanlty  section  can 
be  replaced  with  facility. 

Owing  to  the  thinness  of  the  lead  covering,  these  cables  do  not  last  for  more 
than  8  or  10  years  nndergroond*  Their  cost  is  about  8,240  francs  per  kilometre, 
and  is  largely  dependent  on  the  price  of  gutta-percha.  The  main  disadvantage  of 
these  cables  is  their  high  resistance  and  capacity,  which  renders  them  useless  for 
long-distance  telephony.  It  would  be  comparatively  easy  to  diminish  the  resistance, 
but  the  capacity  cannot  be  varied  much,  as  this  depends  on  the  specific  coefficient 
of  gutta-pereha. 

For  long-distance  telephony  Fortin-Hermann  cables  are  largely  employed, 
on  account  of  their  low  capacity.  The  core  consists  of  seven  strands  of  0*7  nmi. 
or  of  0*5  mm.,  on  which  are  threaded  a  number  of  paraffined  wood  beads,  in 
the  form  of  cylinders,  8  mm.  long  and  4  mm.  in  external  diameter.  The 
wires  are  finally  protected  with  an  envelope  of  lead  8  mm.  thick.  The  external 
diameter  of  the  cable  is  29  mm.,  the  length  of  each  section  200  metres,  and  the 
ohmic  resistance  of  each  conductor  18  w  at  124°  C.  The  insulation  resistance  per 
kilometre  is  1,000  megohms,  and  the  capacity  is  0*06  microfarad  per  kilometre; 
the  figures  obtained  in  general  practice  being  better  than  the  above  specified 
figures.    The  insulation  resistance  depends  on  the  dryness  of  the  air  in  the  cables. 

The  joints  between  the  sections  are  made  by  means  of  ebonite  sleeves  having 
14  grooves  round  the  periphery  into  which  the  conductors  are  joined.  This  sleeve 
is  then  covered  by  means  of  a  cylinder  of  ebonite  in  two  halves,  the  whole  joint 
being  protected  by  a  lead  sleeve  soldered  to  the  ends  of  the  cable. 

These  cables  are  fairly  easy  to  lay,  and  the  insulation  resistance  is  easily 
maintained  so  long  as  there  is  no  fault  in  the  lead  covering.  Such  a  fault  can 
be  remedied  by  the  process  described  below,  and  which  is  employed  during  the 
manufacture  and  the  laying  of  Fortin  cables,  and  also  of  paper-  and  cotton-insulated 
cables. 

At  the  end  of  1891,  a  Fortin  cable  used  in  Paris  between  the  "Bourse" 
and  the  "  Gare  Montpamasse  *'  had  become  defective,  owing  to  portions  of  the 
lead  covering  having  been  eaten  away  by  rats.  This  admitted  moist  air  into  the 
cable,  and  the  insulation  resistance  fell  to  1  megohm  per  kilometre.  The  hole 
in  the  lead  covering  was  soldered  up,  but  it  was  ascertained  that  in  order  to  raise 
the  insulation  resistance  to  100  megohms  would  necessitate  the  renewal  of  several 
sections*  It  was  then  thought  that  by  removing  the  damp  air  the  insolation 
remstance  could  be  restored  to  its  original  value  of  5,000  megohm^ 

A  desiccator  was  employed  consisting  of  two  glass  tubes  containing  8*5 
kilogrammes  of  sulphuric  acid,  and  of  a  large  tube  with  chloride  of  calcium  at 
the  top  and  with  lime  at  the  lower  part ;  the  lime  being  used  for  arresting  all 
aeid  vapours.  A  water  pump  was  employed  as  an  aspirator,  and,  notwithstanding 
the  ebonite  plugs  used  at  every  joint  of  the  cable,  a  gentle  flow  of  ais  was  obtained 
through  a  length  of  5*2  kilometres.  The  insulation  resistancQ  had  been  much 
improved  in  this  manner,  when  by  accident  some  water  from  the  pump  was  admitted 
into  the  cable. 

This  water  was  forced  out  by  producing  a  pressure  of  8  kilogrammes  per  sq«ar& 
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CMHiiMtee  at  one  end,  and  a  Yacamn  of  6*6  Ulo^fanuaM  per  aquauB 
at  atm  oUiar  eaudL  A  caaraal:  of  diy  aur  vm  aasi  pawy^  £»r  86  iMwn*.  The 
insalation  resistance  was  then  found  to  be  600  megohn^a  per  kfAcmetm  la  tba 
aaetion  whifill  bad  reoelyed  the  waAar.  Dmdng  this  aKperinuMtf  #ia  6aak  of 
anlphnric  acid  had  iaoraaaed  hy  600  gzanunes  «n  wQighl.  The  ioaajation  rwistaQoa 
vaa  finally  bioa^  up  to  12,506  mefobvia  per  InlQ«iatfia»  bmm  batter  tbaa  whan 
lint  laid. 

As  the  etx>nke  pk^  aaad  at  eyery  joint  mseoe  fimiwl  tq- offer  toe  mnt^  fCSMft* 
aiioe  to  the  passage  of  dry  air»  a  hole  of  8  dwu  in  4mme%»  ana  evc»4«aUy  dnlM 
throQgh  the  centre  of  each  plug. 

The  civeolatioa  of  diy  air  m  ooaneeftion  widi  tbeae  raMes  ia  mem  d.wa78 
obtained  by  pressore,  and  not  by  Tacanin ;  then  being  the  advantage  oi  mof 
'easily  locaUaiag  the  leak  in  the  lead  ceTeriBg,  and  «f  not  driMriog  jm  aaoist  air 
if  there  exiiai  sndi  a  leak. 

This  pvocess  is  also  employed  for  pape»>  or  oottoiMDaalaled  caUes,  it  haing 
aeeesaary  in  this  case  to  employ  a  bi^lier  prassnce  iu  order  to  cause  the  aur  to 
dreolate. 

The  latest  lonn  of  deaiecator  tottsists  of  six  iaoa  eyU»dan  6  mm*  iM^ 
200  mm.  in  external  diameter,  and  1*20  metres  hi^  dosed  at  tbe  ends  b^  iton 
plates  boked  to  a  flange.  A  grid  is  placed  in  eaab  eyUnder  at  a  height  «f  0*8 
metie  from  the  bottom*  ami  ail  the  apper  pwt  is  filled  viith  eUoiide  of  ealciam 
(about  S6  litres  per  cylinder). 

Sach  eytiodflr  stands  on  an  oak  b(»c,  and  is  fitted  at  the  lower  end  with  a  tap> 
for  the  purpose  of  running  off  any  diasolred  chloride  of  calcioau  The  last  ey Under 
is  not  quite  filled,  a  height  of  about  0-8  metre  being  packed  with  cotton  inidI,  in 
jQcder  to  filter  the  air  of  any  doat. 

The  necessaiy  pressure  is  obtained  from  Hm  Popp  Sapplgr  Qo/  at  5  kilo* 
grammas  per  square  centimetre ;  as  this  is  too  high,  a  rednctien  valye  ia  employed 
for  reducing  the  pressure  to  about  3  kilogrammes. 

All  cables  insulated  with  cotton  or  paper,  without  paraffin  or  oAer  inanlator, 
can  be  anbjeeted  to  the  above  treatment,  as  was  shown  during  testa  on  Sbider- 
Waring  and  Felten  &  GaiUaume  cables ;  the  eonditk>n  being  dmt  no  obstmction 
should  be  offered  at  the  joints  to  the  flow  of  air,  somewhat  modifying  the  extern 
of  soldering  the  joints. 

The  author  shows  that  the  great  advantage  of  this  system  is  that  a  fiiult  in 
the  lead  covering  can  be  repaired  without  interruption  to  die  aenriee  by  merefy 
circulating  dry  air  through  the  cable,  and  soldering  np  the  hole  after  having 
brought  up  the  insulation  resistance  to  the  desired  standard. 

In  the  manufacture  of  Fortin  cables,  a  current  of  air  is  forced  throngjb  the 
cable  during  the  process  of  lead-oorering  when  the  cable  is  liot  By  thw  meens 
an  insulation  resistance  of  10,000  megohms  per  kilometre  is  etsily  obtained. 

In  the  manulaeture  of  such  cabUs  it  does  not  matter  much  under  what  form 
the  ceUulose  is  used — whether  as  paper,  wood,  or  cotton— as  the  dielectric  consists 
really  of  dry  air ;  these  materials  being  only  need  as  a  mechsnical  sepamtion 
between  the  wires.  For  the  sake  of  economy  paper  could  advantageously  take 
the  place  of  the  wooden  beads,  and  is  less  hygroscopie  than  cotton.    The  thicknem 


at  the  U«4  j:otviUi%  abouU  narer  be  leap  thun  $  mm. ;  for  cables  with  27  piift 
of  condactors  the  thic^uieM  ihoiild  be  8*2d  mm. ;  and  for  cablet  with  51  palrv 
3*5  mm.  aboold.be  the  minimnm  thiokaesi* 

It  if  adTitable  to  protect  lead-covered  cablet  from  the  chemical  actioot  of  tt^ 
m»l  by  tarroamUag  them  with  bitomea. 

Air-inaulated  cablet  can  alto  profitably  be  employed  in  telegrapby,  altho«|^ 
their  c^Midty  it  not  tnfficiently  high  to  prevent  the  effectt  of  induced  corres^tv 
in  catet  where  earth  retnmt  are  employed.  Bat  jby  the  uae  of  a  copper  retnni 
thete  indace4  effectt  can  be  entirely  eliminated,  and  great  advantages  obtained 
where  rapid  trantmitnon  is  a  consideration.  These  doable-circuit  cablet  would  be 
cheaper  than  «ngle- circuit  cablet  intalated  with  gutta-percha. 

The  a«tW>r  conaideit  that  air-insulated  cablet  could  alto  be  advantageovtty 
employed  for  electric  lighting  and  tranamistion  of  power. 


P.   JAirST— AN    ELECTRO-CHEMICAL  METHOD  FOR  AUTOMATI- 

CALLY  RECORDING  PERIODIC  CURRENTS. 

(^Comptes  BfiukiM,  VoL  119,  No.  8,  />,  217.) 

The  author  hat  previontly  detcribed  an  electro^chemical  method  of  constructing 
a  curve  representing  a  periodic  current,  which  was,  however,  not  a  direct  method. 

The  present  improvement '  consists  in  directly  describing  the  curve  on  the 
registering  cylinder.  The  apparatus  consists  of  15  styles  (darning  needles)  insulated 
from  one  another,  ai^^d  of  which  the  points  are  placed  in  a  straight  line  and  separated 
by  a  distance  of  about  1  millimetre.  These  styles  are  respectively  connected  to  15 
equi-distant  points  of  a  battery  of  accumulators  connected  in  series,  there  being  about 
4  volts  difference  of  potential  between  two  consecutive  points.  If  A  and  B  be  the 
two  points  acroat  which  it  it  detired  to  study  the  periodic  electro-motive  force,  the 
point  A  is  placed  in  communication  with  the  cylinder,  and  the  point  B  with  one  of 
the  styles.  It  will  then  be  found  that  each  style  describes  a  number  of  blue  lines 
on  a  white  ground  in  the  form  of  a  curve.  The  author  showed  cun^es  obtained  by 
the  above  method,  and  representing  the  difference  of  potential  at  the  secondary 
terminals  of  a  Zipemowsky  transformer. 

By  this  electro-chemical  method  the  most  important  points  in  connection  with 
Alternating  currents  can  be  studied,  viz.  :  frequency,  difference  of  phase,  fonn  of 
current  and  electro-motive  force  curve ;  and,  although  perhaps  not  so  accurate,  this 
method  should  find  its  place  beside  others  which  are  far  more  delicate  and 
-complicated. 

C.  a.  OtJTB— THE  COEFFICIENT  OIT  SELF-INDUCTION  OF  it 
WIRES,  PARALLEL  AND  EQUI-DISTANT,  AND  OF  WHICH 
THE  SECTIONS  ARE  ;.LAID]  ROUND  A  CIRCUMFBRENCB. 

(Cosip(ei  Remdu$,  Voi.  119,  No.  3,/».  2ia) 
In  order  to  experimentally  verify  certain  formnliB,  the  coefficients  of  self- 
inducCion  of  two  systems  were  determined.    The  fir^t  one  consisted  of  three  wiaefl^ 
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each  0*007015  cm.  in  radios,  the  section  of  the  sTstem  consisting  of  three  eqni-distant 
circular  surfaces  placed  on  a  circumference  of  50  cm.  radius. 

The  second  analogous  system  consisted  of  six  similar  wires.  The  method 
employed  was  one  well  adapted  for  the  measurements  of  small  coefficients  of  self- 
induction.  In  consists  in  observing  the  extinction  of  sound  in  a  telephone  connected 
acroes  the  diagonal  of  a  Wheatstone  bridge ;  the  other  branches  consisting  of  the 
conductor  in  question  and  of  known  resistances ;  the  batterj  being  replaced  by  the 
secondary  of  an  induction  coil.  The  apparatus  also  consists  of  a  yariable  mutual 
induction,  formed  of  two  coils,  movable  with  respect  to  one  another.  One  of  the 
coils  is  placed  in  the  diagonal  of  the  telephone,  and  the  other  in  the  branch  con- 
taining the  electro-motive  force.  By  the  suitable  manipulation  of  resistances  and 
of  the  variable  induction  all  sound  in  the  telephone  can  be  annulled,  and  the 
required  figures  obtained  for  determining  the  coefficient. 

If  the  six  resistances  be  called  r^,  r,  r^,  r^,  r,,  r^,  and  their  coefficients  of  self- 
induction  Lq,  L,  Lj,  L,,  L3,  L4,  and  M  the  coefficient  of  mutual  induction  of  the 
movable  colls,  then  the  coefficient  L  can  be  expressed  as  follows : — 

L.  =  M  A  +  ^    +  !j.  +  ^Jl'^    +  L.    Li   +  L,   L*   -  L.    !j. 

And  in  choosing  for  r,  and  r^  similar  conductors  the  expression  is  reduced  to— 

Li  -L,  +M  A  +  2l»V 

the  conductor  2  being  a  wire  wound  back  on  itself.    After  making  all  corrections, 

this  method  yielded  the  following  results  :— 

1st  Svstem.  2nd  System. 

Li  —  4,701  cm.  Lj  —  4,166  cm. 

The  coefficients  were  next  calculated  by  the  following  formula  giving  the 

mutual  potential  between  two  linear  parallel  circuits : — 

By  replacing  in  this  expression  the  mean  geometric  distance,  a,  of  the  elements 
forming  the  section,  for  the  distance,  </,  between  the  conductors,  one  obtains  the 
required  coefficient.  The  mean  distance,  a,  is,  in  this  particular  case,  given  by  the 
formula, 

n 
in  which  a^  represents  the  mean  distance  of  the  elements  of  the  section  of  a  single 
wire  (0*7788  0,  n  the  number  of  wires,  and  B  the  radius  of  the  circumference  ob 
which  lie  the  sections  of  the  different  wires. 
The  figures  are^ 

For  the  First  System.  For  the  Second  System* 

Oj  «  0005463  cm.  rn^  =  0005463  cm. 

n    =  3  In    -  6 

"  R    -  0-50  „  1^   "  ^'^  " 

.a    -  0-1600        „  U    =  0-3175        „ 

L\  =  4,656  „  Li  -  4,132    "^  "„ 

The  difference  between  the  results  of  calculation  and  of  experiment  is  between 
MOOth  and  l-200th. 
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P.  BBULABB— ON  THE  SPECIFIC  INDUCTIVE  CAPACITY 

OF  GLASS. 

(Comptes  Rendu*,  Vol  119,  No.  4,  p,  268.) 

To  measure  the  specific  indactire  capacity  of  glass  presents  special  difficulties, 
which  accounts,  perhaps,  for  the  large  difference  between  the  results  of  different 
observers. 

The  author  studied  specially  the  effect  of  time  of  charge,  and  also  the 
value  of  the  specific  inductive  capacity  of  glass  for  a  time  of  charge  equal  to  sero. 
The  ballistic  method  was  employed,  and  consisted  in  discharging  the  condenser 
with  or  without  glass  through  the  galvanometer.  It  is  necessary  to  make  corrections 
for  the  damping  action  of  the  galvanometer,  which  may  become  appreciable. 

The  condenser  employed  consisted  of  rectangular  wooden  plates  covered  with 
tinfoil  and  separated  by  ebonite.  To  eliminate  the  effect  due  to  the  edges  the 
method  suggested  by  M.  Blondlot  was  employed. 

If  A  be  the  capacity — in  electrostatic  units  (G.S.)— of  the  air  condenser, 
B  the  capacity  of  the  same  condenser  with  a  glass  plate,  and  x  the  correction  for 
the  edge  action ;  if  E  be  the  thickness  of  the  separating  pieces,  e  the  thickness  of 
the  glass  plate  less  than  the  distance  between  the  wooden  plates  by  an  amount 
«=:£-*€,  and  S  the  effective  surface  of  the  plates,  then 
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where  it:  is  the  specific  inductive  capacity. 

By  eliminating  x,  k^  ]  "^  ^^  "  ^l?.^  («) 

1  —  (JJ  —  A^  L*  f 

and  by  substituting,  C  « -/  -  (3) 

o     c 

The  time  of  charge  varied  between  l-50th  and  1  •800th  of  one  second. 

The  results  were  plotted  in  the  form  of  a  curve  having  the  values  of  time  as 
abscisssD,  Ox,  and  defiections  of  the  galvanometer  as  ordinates,  Oy.  The  curve 
relative  to  glass  starts  from  the  origin,  rises  rapidly,  and  then  bends,  presenting  its 
concave  side  to  the  axis  Ox;  it  then  becomes  rectilinear,  but  this  portion  of  the 
curve  is  not  parallel  to  the  axis  0  x  on  account  of  the  conductivity  of  the  ebonite 
separating  pieces.  The  projection  of  this  line  would  cut  the  vertical  axis,  Oy,  at  a 
certain  point,  corresponding  to  a  deflection,  D,  obtained  in  working  during  a  time 
of  charge  equal  to  zero. 

Bxr-y^D (4) 

where  i;  represents  the  potential  of  the  charge,  and  g  ^ —  the  ballistic  constant ; 
and  for  the  air  condenser, 

A  X  r  -  <7  ^  D'  (5) 

k  can  then  be  calculcated  by  formula  (2). 

An  Atwood's  machine  was  employed  for  varying  the  time  of  charge. 

The  mean  of  a  number  of  results  gave  to  k  the  value  8*9. 

The  curve  of  charge  as  a  function  of  the  time  allows  of  an  important  theoretical 
Terifieation, 
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If  £  ii  the  ekctro-motir^  force  of  the  battery,  v  tke  potential  of  ihe  celleetor, 

and  C  the  capacity  of  the  condenser,  R  the  resistance  of  the  circuit,  and  Q  the 

charge  at  the  time  /,  then 

dv  dO  dp 

CR^+t-E;  f--^^-C^  -        -        (^> 

dO         I 
yielding  this  rehition—  Ti  **  C~R  ^^  ""  ^  ^^ ^^^ 

Q  —  C  £  is  found  from  the  curre,  and  also  -jj,  which  is  an  angular  coefficient  of 

the  tangent  to  the  car\'e.    It  is  then  possible  to  verify  very  exactly  that  the 

Q-CE 
quotient,      d  Q     ,  is  a  constant. 

HI  

£.  TKOMiik-ON   THE  CONSTITUTION  OF   THE  ELECTRIC  ABC. 

{Comptes  RenduM,  Vol.  11%  No.  18,/).  7S8.) 

The  production  of  interference  fringes  by  the  light  from  the  electric  arc  shows 
that  a  region  close  to  the  negatire  pole  is  sensibly  roonochromatk. 

B/  illuminating  simultaneously  one  half  of  the  field  with  the  arc  light,  and  the 
other  half  from  a  flame  charged  with  solium,  the  two  series  of  fringes  were  seen  to 
agree  exactly.  The  phenomenon  is  attributed  to  the  gnttt  brilliancy  of  sodium 
rapour,  in  the  neighbourhood  of  the  negatire  pole,  relatively  to  the  other  gasea 
present.    The  vapour  is  known  to  pass  from  the  negative  pole  to  the  exterior  flame. 

The  spectroscope  was  used  to  ascertain  whether  the  accumuhttlon  at  tli^ 
negative  pole  was  characteristic  of  sodium  only. 

In  experimenting,  the  author  followed  the  same  lines  as  Mr.  Lockyer  had  done 
previously,  special  note  being  made  of  the  following  two  points : — 

1.  A  modification  in  a  spectram  line  can  only  be  referred  to  a  particular 

region  of  the  source  of  light,  so  long  as  the  image  of  the  source  is  b^ldg 
projected  on  the  plane  of  the  slit,  and  the  spectroscope  stipplies  a 
linear  spectrum  for  each  point  of  the  slit ;  an  aplanatic  adjmtment  is 
therefore  necessary,  as  described  by  M.  Comu. 

2.  In  order  not  to  be  influenced  by  the  frequent  modifications  of  the  arc» 

it  is  necessary  to  reduce  the  time  of  observation  to  the  shortest  possible 

amount,  which  is  effected  by  photographing  the  regions  most  sensitive 

to  the  plate. 

Ordinary  carbons  were  employed,  containing  such   impurities  as  fr6h  or 

ealcium ;  carbons  were  also  used  with  a  core  consisting  of  a  mixture  of  powdered 

carbon  and  a  metallic  salt.    If  the  proportions  of  the  latter  be  not  too  great,  and 

the  two  are  well  mixed,  these  carbons  will  yield  very  constant  results.    The 

following  notes  were  made : — 

1.  With  the  slit  parallel  to  the  carbons  and  dividing  the  arc  into  two  equal 

parts,  the  metallic  lines  were  seen  through  their  n^ole  heigbl,  and 

.  increased  in  brilliancy  and  in  width  from  positive  to  negative,  the  tate  of 

increase  being  very  great  when  nearing  the  latter. 

f.  With  the  slit  parallel  to  the  carbons,  outside  the  brilliant  sone  which 

terminates  the  negative  carbon,  the  spectrum  is  divided  into  tiro  j^wts 
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titoated  at  different  lerelfl.    Close  to  the  negatiye  carbon  are  obsenred 
the  Swan  spectmm  and  cyanide  spectrum,  and  bejrond  is  seen  the 
apectrom  of  metallic  yaponre,  presenting  its  nuxinram  effect  at  about 
the  lerel  at  which  the  fine  lines  of  the  fqrmer  terminate. 
8.  With  the  slit  perpendicular  to  carbons,  the  metallic  rays  extend  much 
farther  than  the  qpectrnm  lines.    The  latter  decrease  in  widA  from  die 
centre  to  the  extremities,  irrespective  of  the  position  of  the  slit  between 
tiie  two  carbons.     The  metallic  lines  hate  the  same  shape  in  Ihe  neigh- 
bourhood of  the  negalire  carbon,  bat  elsewhere  they  hare  a  constant 
width,  excepting  the  narrowing  at  the  extremities.    It  is  therefore  easj 
to  aeeonnt  for  the  teqnent  change  which  occurs  from  one  moment  to 
another  when  the  spectrum  is  directly  observed. 
Ontside  the  are,  and  principally  in  the  neighbonrhood  of  the  negative  pole, 
are  obterred  Q>ectra  of  metallic  oxides,  the  barinm  and  calcium  bands  being 
specially  brilliant.     This  is  accounted  for  in  the  following  manner  :«-The  arc, 
formed  between  two  carbons  containing  metallic  salts,  consists  of  a  core  and  of  an 
envelope.    Within  the  core  are  substances  which  emit  spectra  of  bands    •carbon 
vapours  and  cyanogen ;  in  the  envelope,  circulates  the  carbon  from  positive  to 
negative,  also  metallic  molecules  which  are  transported  to  the  negative  carbon 
and  combine  with  the  oxygen  of  the  air  and  escape. 

The  above  explains  the  difference  in  shspe  and  brilliancy  of  the  two  poles. 
The  arc  may  be  looked  upon  ss  a  sort  of  gas  voltameter*    The  positive  carbon 
is  attacked  by  the  gas  which  carries  the  current;  the  negative  carbon  is  psotdctM 
against  the  access  of  air  by  the  metallic  vapours. 

In  very  rarefied  atmosphere,  die  parts  of  the  arc  at  each  of  the  two  poles  are 
abnost  similar;  in  hydrogen,  under  a  pressure  of  about  10  centimetres,  the 
brilliancy  is  greatest  from  H^  to  H^  in  the  neighbonrhood  of  the  negative  pol^ 
In  ordinary  coal  gas,  in  one  hour  there  forms  a  large  and  regular  deposit  of 
compact  carbon ;  the  negative  carbon  shows  a  large  number  of  craters. 

If  the  positive  carbon  be  coated  with  chloride  of  strontium,  the  arc  is  only 
stable  when  the  negative  carbon  is  shaped  into  a  cylinder  of  small  diameter  with 
a  lonaded  end. 
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